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AUTHORS! ABSTRACT

Solnechnaya Energetika [Solar Energy], Umarov, Giyas
Yakubovich, corresponding member, Uzbek SSRitAcademy of
Sciences, and Yershow, Anatoliy Andreyevich, engineer, Moscow,
"Znaniye" Press, 1974 (Novoye v zhizne, nauke 1 tekhnike.
Seriya "Nauka o Zemle" [Advances in Life, Science and Tech-
nology. "Science of Earth" Series], 1. The series has been
published monthly since 1966). 64 pp.

People have tried to use the Sun's energyeeven in remote
antiquity. Thils bocoklet tells how the problem is being solved
in our time.

Water pumps, solar power stations, air conditioners,
fresh-water stills, "solar homes," solar cookers, fruit driers,
devices for [low temperature] steaming of reinforcedeconerete
members, solar refrigerators," solar hothouses, welding and
melting of metals presents a far-from-complete 1list of the
devices and areas of the possible broad use of solar energy.

In the Ninth Five-Year Plan, the country's first plant of

solar equipment 1s to be built in the Uzbek ecity of Bukhara for
the series production of several of these products designed

by Soviet scientists. The authors of the booklet also tell
about longer-range prospects for mastering solar energy -- one
of the most important sources of renewable kinds of energy.
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SOLAR ENERGY
G.Ya. Umarcv and A.A. Yershov,

Corresponding member, Uzbek 3SR Academy of Sclences (G.Ya.U.)
and Erigineer (A.A.Y.)

Fuel ... from the Heavens

A layer of unique coal half a meter thick is formed every
year overnall of Central Asia. The amazing layer covers fields
and mountains, streets and squares of cities, roofs of homes, and
gardens. It does not have toc be brought in from anywhere -- you
Just take this cozl and use 1t!' A year goes by and the layer is
again renewed. It is simply inexhaustible. But even though we
all move about by means of this strange fuel, nearly no one pays
it attention. Of course, the energy of this amazing coal dls-
appears not at all —- 1t is simply dissipated into the atmosphere.

What then is behind this invisible co0al? Scientists named it
"Yellow coal" —- solar energy!. Calculations show that in Uzbeki-
stan over each square meter eriough of it falls so that in terms
of calories it is equivalent to a layer of Angren lignlite nearly
half a meter thick. The Transcaucasus, Crimean and other
southern parts of the country and many states of Asla, Africa,
and America: are rich in "yellow coal."

However, this enormous treasure thus far has remained nearly
unused. 3t111, there is not enough fuel available. In some
places this is felt thus far not as appreciably, while in others
the fuel shortage has become an acute problem. But this is true
overall for our entire planet., Some economists claim that the
last ton of petroleum will be extracted from the Earth already at
the dawn of the coming Z21st century. As for regular coal and
natural gas, their reserves will also not last for very long.

But the needs of the global population for energy will rise
very rapidly. In fact, without energy technlcal progress is in-
concelvable. Scientists have calculated: from the beginning of
its existence mankind has used up 850,000 billion kWh of primary
energy, that is, energy formed through the combustion of different
kinds of fuel. It has been used up very rapidly in the last
hundred years.

But in fact the growth of the power resources of our planet
will not halt either in the fufure. It cannct be met sufficiently
long either by the reserves of radioactlive elements in the Earth's

# Numbers in the margin indicate paglnation in the foreign text.
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crust —-- the fuel of the vigorously growing field of atomic power
engineering. Uranium and thorium resources are also not infinite,
just like all ordinary kinds of fuel.

) Mastery of the thermonuclear reaction would long supply man-
kind with energy, but enormous difficulties lie yet on this path.

Thus, the Earth's population 1s growing, its energy needs will
climb. But where can energy be extracted from? Perhaps, actually
mankind is threatened with a "energy famine?"

No, everything is not so hopeless. On Earth mankind has not
yet been able to harness the reaction of thermonuclear synthesis
and to make it controlled. And it is precisely in this area that
scientists are pinning their hopes 1in calculating to meet the
energy needs of mankind. But in fact this kind of reaction occurs
in stars, including also on the one closest to us -- the Sun.
Essentially, our daytime star is a gilgantic thermonuclear reactor
which requires each second approximately 4 million tons of hydro-
gen, converting 1t into helium. As a2 result enormous amounts of
energy are given off, emitted in the form of light and various
particles.

Only a small fraction of the collosal energy —-- roughly
one~two billionth -- reaches cur planet. Is this much? It is
quite sufficient to evaporate the Sea of Azov in a few minutes.

Iti a year in fact, the Earth receives from the Sun more energy

than 1t contains in all known world fuel deposits. And it is
precilisely the Sun that 1s the primary source of all forms of

energy that have found wide use in the economy of the planet.

Fossil fuel essentially 1s stored solar energy preserved in remains /5
of the plant kingdom of past epochs. Rlvers also owe their energy

to the Sun, being replenithed with water evaporated by the daytlime
star from the surfaces of oceans and seas.

The storehouse of "solar fuel"™ 1s inexhaustible for mankind.
Therefore it is not coincidental that scientists are directing
their thoughts with growing expectations toward this practlcally
eternal source of light and heat. It sends to Earth amounts of
energy that many times exceed man's need for energy.

Thus perforce the question arises: wWhy then has not solar
energy thus far found wide use in industry? The point is that it
1s very dispersed. This means that one must find and develop
methods of concentrating and accumuiating sclar energy. How
scientists are solving these problems vital to our planetts future
and unlocking the keys to the Sun, we will attempt to describe
in this booklet.

In our country a new important stage 1n expanding research
in mastering sclar energy is linked to the Ninth Five-Year Plan.
"The primary goal of the Five+*Year Plan is to ensure a large rise



in the material and cultural standard of living of our people
through high rates of expandsion soclallst production, 1its greater
efficiency, sclentific-techniceal progress and faster increases in
labor productivity"” states the Directives«df the XXIV Congress of
the CPSU on the Five-Year Plan for the growth of the naticnal
economy of the USSR in 1971-1975.

In the directives, sclentists are given the gcals of "im-
proving methéds of transforming energy," "developing i.. economi-
cal methods of obtalning ultrapure materials," developing "hethods
of selection for growing high-yield plant varieties," "the
scientific fundamentals of the conservatlon and transmission of
energy to improve the environment of man and for the best use of
natural resources." Scientists engaged in research in different
directions related to using solar energy in the national economy
will also make their contribution to solving the problems posed éﬁ
for Soviet scilence by the XXIV Congress of the CPSU. Studies in
this direction are being carried out under the coordinating plan
of the State Committee of the USSR Council of Ministers for Sclence
and Technology for 1971-1975.

Leading Institutes have been assigned for working with spef
cific problems. The All-Union Institute of Current Sources is
responslble for developing different kinds of solar energy con-
verters, in particular, photoelectric converters and also for
high-temperature studies. The Power Institute imeni G.M. Krzhi-
zhanovskiy 1s the ranking scientific establishment in solar
thermal installations and several solar energy converters (thermo-
electric). The Physico-Technical Institute of the Academy of
Sclences of Turkmehia became the ranking research center in
developlng solar alr conditioners and firesh-water stilils. The
Physico-Technical Instituteaof the Academy of Sciences of Uz-
bekistan 1s responsible for developing sclar energy concentrators,
sclar thermal devices, and solar power plants based on the
Stirling engine.

Investigations in amnnew area -- photoenergetics of plants --
hawve gained broad scope in recent years in the sclentiflec centers
of the Russian federation, the Ukraine, Kazakhstan, Uzbekistan,
and Moldavia.

Great attention to mastering solar energy is also being shown
abroad. Important results in this area have been gained by
sclentists 1n France, the United States and Japan. Irterest in
this problem 1s shown by the young states of Asia and Africa.
Several of these countries lack sufficient fuel reserves, there-
fore the broad introduction intc their economies of the adHieve-
ments of solar power engineering would play an extremely vital
role for them. So sclentists of many developing countries have
expressed a desire to cooperate with Soviet sclentists in re-
search in solar power engineering. Joint efforts in mastering
snlar energy have been begun by scientists of the USSR and the
United States.



"Link Up ... to the Sun" /T

Since time immemorial people have tried to learn how to use
s0lar energy. This is borne out by chronicles and anédent books
¢f thecEgyptians, Greeks, and Romans. Many ancient peoples
worshipped the Sun and believed 1t to be a deity. They intuitively
sought ~in 1t the source of 1life, the primary basis of all
motion on our planet. The cult of the heavenly light by day
existing in Central Asia persisted for us in the images of the
sunrgod in the coin of the mighty Xushanskily rulers.

Even 1n antiquity people pondered how to trap the Sun's rays.
Even then the properties of lenses and curved mirrors to collect
the rays at a focus was known. Using burningagltasses, the
vestal virgins in ancient Rome were able to bring sacred fire to
sacrifices at the temple of the goddess Vesta.

The great Archimedes reported theppossibilities of concen-
trating solar rays in his book, "0OnvBurnitigaGlasses. Linked with
his name is the legend of setting ~afire with mirrors a Roman
fleet " besidéging Syracuse.

During the early Middle Ages scilentists of Central Asla also
knew of the ability of lenses to collect solar rays at one polnt.
Berouni and his no less famous contemporary Avicenna were ac-—
guainted with the focusing property of lenses and mirrors. Thus,
Avicenna in Danish-=Name [Book of Knowlédge] explaine d the thermal
action of solar rays and the optical properties of a lens this
way: "Ignition through a magnifying glass takes place because
. in it there is a point receiving the rays from all sides. This
point is strongly illuminated and therefore strongly heated.”
Burhlhgs mirrors, asserted the sclentist, have the same proper-—
tles as magnhifying glasses. In those remote times a mirrorwwas
a polished metal surface on which mercury was periodically
deposited.

In 1741, the gendussand Russian scientist M.B. Lomonosov
presented to the Petersburg Academy of Sclences a paper on the
possibillity of making a "burning instrument" by concentrating /8
solar rays with lenses and mirrors. o

Many seientists and engineers today, in our time, are working
on the ldea of trapping sunlight and forcing it to work for us.
But realizing these 1deas involves great outlsys. Therefore even
today the problem of building inexpensive, slmple, and efficient
solar power devices remains one of the most important in this
field of sé¢lence. Soviet solar power engineers are contributing
to its solution. Old-timers living in Tashkent probably still
well recall the gigantic reinforced conecrete sunflower turning
toward the Sun over the bulldings of a local canning plant. The
bowl of a ten-meter parabalold covered with squares of mirrors
stood here for many years. The strange structure captured the
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attention of everyone driving along ‘one of the "busiest arterials
of the capital of Uzbekistan. This solar ray collector

during the first postwar years was built by F.F. Molero, worklng
at the solar grounds of the Moscow Power Institute imeni G.M.
Krzhizhanovskly then existing in Tashkent. The collector was
designed to supply thermal energy to the canning plant. This was
a unique installation. At the hottest point where the solar rays
intersected the temperature exceeded 1000°.

However, as it was later found, in building this engineering
structure the minor deviation of the coefficients of linear ex-
pansion of glass and cement securing the glass to the reé#rifiorced
concrete proved to be neglected. This then ruined an excellent
structure: the glass of the mirror-collector cracked owlng
to the enormous internal stresses induced therein.

Tashkent sclar power engineers studled this problem closely
and decided to do entirely without cement in a collector: of
their design. But how will the mirrors be held? In free mounting!
The 1dea was simpliclty itself. The researchers took plates of
ordinary window glass coated on one side with an amalgam. Mounting
these plates on five supports to the framework of the collec-
tor and obtaining a concave surface thereby proved not difficult.
And, particularly important, the glasses in free mounting now no
longer cracked from thermal expansion. Some of these devices /9
situated in the proving grounds of the Physico-Technical Institute
in Tashkenthnhave a reflecting surface area 5 m in diameter.

Mirrors of polished glass are excellent solar ray ccocollec-
tors. But making a mirror of this kind of a large size is very
expensive. 'And the greater its diameter, the bigger are the.
costs 1n maklng 1t. Perhaps, one large mirror eould be replaced
with dozens of smaller ones? Calculations and tests in the
Physico-Technical Institute of the Uzbek SSRKR Academy of Sciences.
confirmed the soundness of the approach taken. Small mirrors are /10
much simpler to make and so much cheaper.

Both large and small solar ray -collectors have been con-
structed of mirror-facets at this institute. The diameter of
one sclar ray .«coellector - is 5 m. Its construction involved
60 facets -~ round mirrors 60 cm in diameter. They were all
mounted on a metal framework:so that sunlight could be concen-
trated wlth high accuracy. At the focus théctemperature goes
up to nearly 2000°. 1In fact around this focus -- at the focal
spot -~ the mean temperature proved to be 1000%2100%:Thesévdevices
are most promising in solving many practical problems.

"% But still the disadvantages of glass could not be overcome. /11
In fact thls was too heavy a material and so in bullding large T
ceilectors of glass one had to assemble quite solid metal
structures for the supports. Thilis means that even when a definite
size 1s achieved it will be disadvantageous to use fthese



collegbors, But
researchers are still
looking. And if they
use polymeric films?
They triled lavsan. A
metallized film of this
material proves to be
light and only slightly
inferior to glass in
optical properties.
Tests of this film were
made at the solar proving
grounds of the Physico-
Technical Institute of
the Uzbek SSR Academy
of Sciences. It turned
out that the film re-
tains 1ts initial
qualities for only
several months. How
can 1ts service life

be extended, bearing in
mind that above all it
must not lose its high
reflectivity? A gradu-
ate student at the
institute suggested
coating the film with
varnish contalning
special additives.

Even the first tests
showed that in this form
film can serve for much more than a year.

Fig. 1. Metal will melt in the focus
of this simple and cheap collec-

tor, though its reflector 1s made of
sectors of ordinary window glass
which are glven a certain surface
curvature.

Scientists are also following the approach of lowering the
weight of the structures on which the reflectlng surfaces rest.
Taskent solar power engineers have tried replacing metal with
asbestos-cement. It turned out to be lighter, but not as light
as scientists wished. Next the skeleton of the concentrator was
made of foam-polystyrene, after which foam-plastics were also
tried. But foam-polyurethane proved best.

Rays are collected at the focus. And how can the concentrated
energy be used best? Here studles are proceeding in several
directions. Staff members at the Physico-Technical Institute of
the Uzbek SSR Academy of Scilences are working to improve the
method of transforming solar energy into electrical using a
Stirling engine.

Amazingly, the patent for this thermal machine which modern

technology adopted into its arsenal only quite recently was
issued more than 150 years ago. The inventor was a Scottish monk
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Fig. 2. The temperature goes up to
2000° at the focus of this collec-
tor (5 m in diameter) construc-
ted of small mirror-facets of
unpolished glass. A board in-
serted 1n thls solar 1light spot
dries up in a flash.

Robert Stirling, whose
name now has been given
to this type of engine.
In it, as in a steam
engine, thermal energy

is obtained through
external combustion (in
contrast to the internal
combustion engine in
which fuel gives up its
energy directly to the
engine cylinders). How- /12
ever, the working body

of the Stirling engine

1s not steam, but gas
circulating in a her-
metically sealed circuilt.
Theoretically, the ef-
ficiency of this machine
can be very high -- close
to the efficiency of the
lideal Carnot cycle. The
advantages of the Stirling
engine are absence of
operating noise, balanced
performance of drive,

and the ability to func-
tion in a vacuum, under-.
water and in other
unusual conditions.

Any source of fuel -- liquid or solid fuel, atomic energy,
thermal c¢ollectors ... can serve to power this engine. But
likely one of the most promising sources of energy for the
Stirling engine is sunlight. Entering the "hot" chamber of the
engine, they compel hydrogen, helium, or another suitable gas

to circulate through the closed loop;

this gas then drives the

engine plstons. By converting the chemical energy to electrical

takes place 1n the usual manner.

The efficiency of the engine depends on the difference be-
tween the temperatures of the "hot" and "cold" engine chambers.
The higher this difference, the higher the engine efficiency.

In other foreign prototypes of this engine gas is heated to
750° and cooled down to 20° Celsius (water is usually used in
cooling the gas). This large temperature drop is easily achieved

using solar ray -collechors.

We already noted that Uzbek

solar power engineers were able in their device to achieve an
even greater drop, in fact at its focal spot where the "hot"
chamber of a Stirling engine is positioned the temperature 1is
1000-1200°. This permitted raising the efficiency of the engine
already to 30%. In addition, workers at the Physico-Technical



Institute made several improvements in the design of the Stirling
engine. Their priority in this effort was confirmed by authors’
certificates for the inventions.

Energy from the solar "light spot" can be tapped also be
means of the so-called thermoelectric converters; thelr operating
principle was also discovered in the hinetéenth century. It 1is
_based on the fact that when a junction of two wires made of dis-
"similar metals are heated, current appears. It turned out that /13

if Instead of metals one selects two different semiconductors,

the coefficlent of this thermoelectric generator will be raised
conslderably. It is precisely thils idea that was suggested 40 years
ago by Academician A.F. Ioffe who predicted the great future of
thermoelectricity. Thus far the efficiency of thermoelectrie
generators is only 5%. However, in thennear future scientists hope
to bring this figure to 10%.

The operation also of the thermal emission electric generator
is also based on the principle of converting energy through heat
into electricity. 1In its layout, the thermal emission electric
generator resembles an ordinary radio tube in which emission occurs
when the cathode (negative electrode) is heated -~ the emisslon
of electrons falling on the anode (positive electrode} and there
producing current in a closed circuit. In order to achleve in
this case a relatively high efficlency, one must heat the cathode
roughly to 2000°. Solar rays collected by mirror-concentrators
achieve this tTemperature. A key advantage of thermal emission
converters is the possibility of cobtaining current at very high
densities -- dozens and even huridreds of amperes per square centi-
meter of 1rradiated surface. Specialists calculate that by this
principle converters with efficiency of 20-25% can be bullt, but
investligators gtlll expect many technleal difficulties.

Using solar ray c¢ollectors = gases and vapors of alkaline
metals can be heated to high temperatures in order to produce an
electrically conducting plasma. If the plasma is passed through
a maghetic field, then by the laws of electrodynamics electric
current is generated. In contrast t$to an ordilnary electric gene-
rator, here the current will pass not through a copper coll, but
through the plasma itself. This current can bettapped with
electrodes. The operation of magnetohydrodynamic (MHD) generators
is based on this principle; seéientists of many countries are
working on bullding these generators. They are drawn by the
high effieclency of these devieces, promising %o sharply surpass
the corresponding indicator for thermal electric power stations.
However, there are also several difficulties along the path of /14
thisttempting technical idea, in particular, the production of
plasma remains a complicated problem. Perhaps it can be solved
with concentrated solar rays? The future will tell. ‘

It would be ideal to directly transform solar energy into
electrical. When light falls on some metals, electrons are ejected

i
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from them. This phenomenon came to be called the photoelectric
effect. The famed Russlan scientist A.G. Stoletov (1839-1896)
was a pioneer in research in this area. The operating principle
of exposure meters used by photographers and film makers is based
on this effect. Butnthis'deviteonglvesrextiemelytlitblerenergy

—-- only one-thousandth of the radiant energy of the Sun 1%t uses.
However, with the appearance of semiconductors it was possible

to achieve 1lmportant practical results in the direct transfiorma-
tion of light energy into electrical.

Photoelectric converters or sclar batteries are fabricated
from sheets of silicon or other semiconductor material similar
to it in properties. When solar rays strike a semiconductor,
electrons are ejected from the atoms of the material, leaving
behind «positive charges. The electrons ejected by the radiant
flux travel from one siliécon layer to another. This movement of
tharges then causesg electric current. From a set of identical
elements, semiconductor plates, entire panels are assembled. They
in fact are veritable small power stations without steam boilers
and dynamos.

The efficiency of a scolar battery today has reached roughly
10%. The maximum efficiency theoretically possible for silicon
is 22%. And scilentists working on improving solar batteries are
pushing toward this figure. But besides silicon, no small number
of other semiconductors have been discovered and are in use,
where the theoretical efficiency for these can even be much
higher.

And if a concentrated beam cf solar rays ls directed at a
semiconductor battery? Then, as it turned out, the photoelectric /15
generator can be made to operate much more efficiently (in fact, .
the generation ofvcurrent depends on the degree of illuminaticn).
True, silicon batteries cannot withstand a large temperature rise,
but semiconductors that do not fear "blinding™ by sunlight have
been found.

"Hot Box™

However, our account of "traps" of solar rays proved to be
thus far incomplete. We have sald nothing about the most wide-
spread trap -- the "hot box." An example of it 1s an ordinary
hothouse. Easily penetrating through the transparent glass, sun-
light heats the soll of the hothouse. As a result it also emits
energy. But not in the form of invisible, Infrared rays. Glass
is not transparent for these rays, and so it does not let them
pass to the outside. Thus solar energy falls into a "trap."

If one places severai series of glass panes, one can railse
the air temperature in the "hot bex" up to as high as 250°. This



result was achieved even before the war 1in experiments by Tashkent
solar power engineer Konstantin Grigor'yevich Trofimov, who used
eight series of glass sheets. In fact the désign of the simplest
water heafters 1s based on the "hot box" effect. Of course here
one must recall that part of the radiant energy is absorbed by

the glass panes, therefore in practice the most optimal variant

1s used -- one or two serles of glass panes, enough to produce

hot water.

Hothouses, greenhouses, conservatories. Very common struc-
tures. Therefore improving these simpléstidevices utilizingy
radiant energy promlses great economle benefits. But what then
are the possibilitles?

Let us start with glass. Thus far it remailns one of the basic
materials in building greenhouses above all because 1t has the
necessary optical properties -- sunlight 1s admitted with least
losses and then partially retalned. But in faet glass is brittle,
easily breakable. Rain, snow, strong winds, not to speak ofiduril
hail ... Thousands and thousands of square meters of greenhouse
glass are destroyed,

In our windows, in the showcases of stores, everywhere where
glass does not lie but stands, it can support its own weight,
which often is quite high. All one needs to do is lay out glass
horizontally and it loses its abillity, it becomes weak. This is
one more drawback of glass, Mlllions of square meters of glass
surface have to be reinforced in hothouses on a palisade of
supports. But this adds to the costs of building hothouses and
conmplicates interior laycut, therefore also hothouse maintenance.

If one makes ordinary glass corrugated like corrugated iron,
it becomes an order of magnitude, as engineers put it, that is
10 times stronger. It now l1s nearly impervious to bad weather.
The dimenslons of the glass sheets as such can be much increased.
This means that fewer props are needed and hothouse construeéetion
turns out to be much cheaper. Now these glass sheets are being
proposed for use in érecting hothouses by co-workers at the
Physlco~Technical Institute of the Uzbek SSR Academy of Sciences.

Scientists are alsc improving the optical properties of
glass. Glass stlll allows heat rays to pass from hothouses.
Therefore, the idea of researchers is to develop glasses that
would be éentirely opaque to infrared radiation and reliably trap
heat in the hothouse. A group of sclentific co-workers at the
Power Institute Imeni G.M. Krzhizhanovskiy suggested ;coating the
glass with a film of tin dioxide. The technology of this process
is relatively simple and has already been mastered: 1ndustrially
Glass treated in this way 1s called selective by the scientists
since it has ‘the selective property of regulating the one-way
transmission of radiant energy.

10
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Two years of tests of hothouses and greenhouses covered with
selectlve glass established that the temperature in these struc-
tures 1s 9-10° higher than in ordinary structures. In hothouses
plants die without heating durlng night frosts of minus 5° or
lower. But in hothouses equipped with selected glass plants do
not fear ambient air temperature drops to minus 12°.

\
'_?
—-.,J

But if films are used in place of glass? Scientists and en-
gineers have also thought about this. Today polyethylene film
is finding the broadest applications. It can serve for short
periods as a covering for hothouses. During the three summer
months it breakssdown under solar exposure and not only loses
strength, but also other mechanical properties. Also, polyethy-
lene is Inferior in optical properties to window glass, and so
the hothouse effect of the synthetic coating is much weaker.

|

It would be a good idea to make polyethylene film so that it
could take exposure to the Sun for severalyyears. The advantage
of this would be tremendous! For example, two harvestsoéfccotton
could be reaped beneath film, for its growlng pericd in hothouse
conditions would be shortened owing to the high concentration of
carbon dioxide gas. Andiit would only take 9 months for seeding
and harvesting to be carried out twice. However, a polyethylene
capable for all this time of withstanding the rays of the .o
scorching sun of Uzbekistan would be needed.

And polyethylene film has one more flaw —-- it is d@ifficult
to wash free of dust. Particles of dust ligéerally eat into it
and 1t is impossible to get rid of them. This 1s a serious
problem that has to be solved, although even now an approcach has
been found, which when pursued can mean better wettablilityodfl
polyethylene film. Here we refer to a gas-charging chamber where
ton bombardment of film can improve film wettability.

There is no shortage of preblems of concern to solar power
engineers. But even what scientists hawve been able to do in
this area can markedly alter our daily life and introduce con-
siderable Innovations and Improvements 1nto ¥ital industrial
processes.

@ity of the Sun

In thils 'amazing city many of the most vital operations are
done by the Sun -- 1t heats homes 1n winter and cools them in
summer, it heats water for showers and boils water for meals,
it dries frults and synthesizes chemical products at plants ...

Let us go 1nto one of the 1ittle homes in this unsual solar
city. It 1is hot on the streets —- more than U40°, while inside
theccottage 1t is amazingly cool for summer. This cool condition
is due to the Sun. We open the faucet in the bath and from the
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shower gushes forth a caressing warm "rain," in the kitchen we
have hot water for washing dishes. This is also the Sun's doing.
The master of the house is having someone to dinner. As if 1t
was entirely commonplace, but in fact the dinner was prepared
with the help of the sun. And here the helio tea for some reason
appears to be more aromatlc and flavorful than ordinary tea.

"In winter," the
cottage master shares
with us, "we have no
need to think about fuel.
Our preclous Sun will
be concerned about all
of this. It willl warm our
house, light our rooms,
without even mentioning
the many household ser-
vices that we will enjoy
with its help -- it will
bring us water from the
well and 1In general do a
great deal of other use-
ful work..."

Let us continue our
Jjourney through this
amazing city. Not far
from our little house 1s
a large food industry
enterprise. Here the
Sun has been ordered to
dry fruits and vegetables,
prepare frult concentrates,
pastes, and Juices ...
Alongside is a wing of

Fig. 3. ©Solar cooker designed a chemical plant where
at Physico-Technical Institute solar rays are used in
of Uzbek SSR Academy of Sciences conducting photochemical

reactions for manufacturing
valuable compounds.

Let us go on further -- in front of us are the grounds of a
scientific research institute of construction materials. Here
materials are tested for aging with concentrated solar rays.
Because of this amazing machine, the time required to age materials
has been cut 5-10 times compared to natural conditions. These
tests make 1t possible to develop very long-lasting materials.

You say that all of this is a dream, fantasy! There is no

city like this on Earth. Well, a whole city as we have been
imaging does not yet exist. But solar homes do actually exist.

12
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One can also become familiare with solar refrigerators and solar
cookers, sclar driers, and many other units tec which the label
"selar™ has been fixed. This can be done in Ashkhabad, Tashkent,
Bukhara, Karshi,...

How then is the Sun able to "do" the most wldely varied
household and preoductlon assignments of man? First let us learn
something about the layout of a solar cottage. It 1s quite or-
dinary, and you can even build it from standard plans. Only its
roof is unusual; it is anhotuboxlrwe have come to know about,
Installed on the” southerly side of the home at an angle of 50°
to the horizon. This boller-roof can convert solar energy into
heat.

Flat water heaters whose desgsigns were developed in the
Physico~Technical Institute of the Uzbek Academy of Scilences,
like tile, cover this unusudl roof. These water heaters are built
of standard factory-made parts —-- corrugated rolled metal. By
the way;, the sides of the well known trailers for baleless trans-
portation of cotton are made of the same rolled stock. For
better absorption of sunlight, the metal is blackened. The sheets
of rolled stock are coated from above with glass, and now we have
a "hot box." Within it water circulates. Simple, cheap and
efficient. Experiments by Tashkent solar power engineers showed
these water heaters to have efflclencies a full one-third above
the efficiencies of earlier=used devices with tubular structure.

s
N
o

|

The roof-~beller supplies water at 60~70°LCelsius. If hotter
water is needed, one can use a two-layer glassing for this boiler.
Sun-heated water is used for warmlng roomshby means of ordinary
radiators. Some of the hot water goes to the kitchen, to the
bath, and so on. When there is no need to heat theurooms,ithew
hot water is sent to heat#insulated tanks -- storage vessels.

The heat stored in them can be used during cloudy weather and at
night. In the event of prolonged bad weather of course a standby
heating system has To be resorted to.

The same sclar-installation on the roof and the system of
radiators in the rooms in summer can serve also to cool the rooms.
Whereasiby day the roof generates heat, at night it then makes
it possible to "save" the coolness. To do this, water to be coocled
pourssin a thin layer over the glassed surface of the roof-boiler.
Through evaporatiénnand radiation.of heat into the night sky!
the water temperature 1s lowered to 1-214° Celsius (to a higher
temperature than the amblent air!) This is far from the limit of
possible cooling. If the water is separated from the surrounding

1 The effective temperature of a cloudless night sky 1s much lower
than zero. When the sky is cloud-free, the Earth emitting in-
frared rays into space rapidly loses heat.
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structures with good insulation, then by this effect one can even

obtain ice in summer 1if the sky is clear!

Thus, water cooled at nightron the roof 1s collected in spe-
cial tanks with good heat insulation. By day liquid is directed
from them into radiators, which now serve no longer for heating
but for cooling rooms.

Full-scale tests of thig cooling system installed in a number

of rooms of the Physico-Technical Institute proved 1ts high
effectiveness. Given the diurnal fluctuatlion in ambient air tem-
perature of 15 degrees, the temperature of the air in a cooled
room varied by less than a degree. At the same time In a control
room not equipped with this cooling system the fluctuations in
air temperature were 6-7 degrees.

Technical-economic calculations showed that the added con-
struction costs of a home coming from installing the roof-boiler,
pump and other uncompllcated eguipment are only 15-20% of the
Initial ceosts. On the other hand, the subsequeflt advantapge will
not be slow in making itself felt: operating costs in this home
compared to ordinary homes are two to three times less due to the
savings In electric power and fuel. The time required to recover

the capital outlays is 2-3 years. The fuel consumption for heating

and providing hot water, per standard two-room home by means of
solar energy, will be reduced to one-third. Also more than

5000 kWh of electrical power a year will be saved. And this 1s
for a single cottage. But if they are built on a mass scale?
Then by using solar energy for cooling and replacing with 1t only
half of the fuelused in the rural rayons and small settlements

of Central Asla, the savings will be expressed in an amazing
figure -- 372 million rubles a year. For the seven regicns of
the USSR the annual economic benefit will be 2.4 billlion rubles!

Tashkent solar power engineers proposed using the system of
solar heating, hot.water supply, and cocoling of rooms they de-
veloped for equipping small apartments houses, administrative
buildings, schools, sanitoria, and so ¢on. Based on data ob-
tained by the scientists, engineers at the Uzgiprosel'stroy
institute drew up plans for heat supply and alir:conditioning for
a kindergarten-nursery with 50 places. The operation of the
system in two regimes is envisioned -- in summer and 1in winter,
and medifications of ahwsolar installation of a similar type were
developed for four climatic zones. The construction of this
unusual kindergarten-nursery 1is planned for the immediate future.

Not so much time will pass and the sun cottages will cease

to be an unusual thing in the settlements of geologlsts, shepherds,

cotton growers,

Intensive exploratory research also abroad is underway in
this same directlon. The French archltect Jacgues Micliél, who
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together with Professor Felix Trombe, the director of the solar
energy laboratory of the National Cenfter for Sclentific Research,
the first French helio-house stated: "Solar heating is doubtless
a prospect, for the future. In developed 1ndustrial countries
this will serve as an effective means of combatting environmental
pollution.™

The first house in France (105 me of living space) with solar
heating was built in the village of Shovansi-le-Chateau, depart-
ment of Melse (Lotharingia). Here a solar heating system some-
what differing from the one proposed by Uzbekistan scientists
was used. The wall of the facade of this little house oriented
stricted toward the south was made of four thick concrete panels
painted a dark coleor for intensé absorption of heat. The triple
glass partition placed in front of them produces the thermal
effect. The concrete panels have openings leading into the rooms
of the house being warmed. The action of the system is based on
the well known law of circulation of currents of cold and warm air.
The latter, being lighter, rise,uwhile with increasing cooling,
on descending toward the floor, this current of air passes through
an opening inithe wall of the house into the "hothouse'" where it
i3 again heated. The heat accumulated during the day is trans-
mitted to the living quarters at night. Nature itself went halfway
tc help the solar power engineers: 1{ is precisely in winter when
the Sun stands low over the horlzon that the southern facade 1s
best illuminated and thefefore more strongly heated.

In summer this system serveg an opposite function -- it cools
the premises. With the windows open on the north side, from them /2

cool air will arrive and heated air wlll leave through the southern
wall. '

In the view of French speclalists, thls principle of =solar
heating is so simple that, as they anticipafte, it will find wide
uge 1n mass housing construction,.

Jacques Michel 1g studying the possibility of constructing
an entire iittle resort city of these homes in the south of France,
and also offlece bulldings in Paris.

Even in a northern country like Great Britain, attenticn is
being given to building "solar homes." A4 Msoélariaschool" has been
built here based on sclentists' plans. This two-story bullding
is "heated" by the energy of the daytime star. Radlation is
trapped by a so-called "solar wall" made of two series of glass
panes.

Experimental solar homes have already been bullt in the U
United States and several other foreign countries. In our country,
expidoratory efforts by scientists in one more sunny republic are
successfully underway in this area -- Turkmenia. Ashkhabad solar
power engineers have proposed thelr systems of solar alr cemulidio
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conditioning of buildings. Based on their plans, near Ashkhabad
the republic’s first solar home has been buillt, where séientists!
calculations are being checked out.

It 4s not always possible and necessary to entirely run a
home on solar energy. In this case, using solar energy one can
solve individual problems, for example, produce only hot water.
This can be done simply by taking one of the metalisections of a
flat water heater (the roof-boller is made up of these sections)
in the solar cottage already familiar to us, set in into a spe~
clal woodeniframe and cover it from above with ordinary window
glass. Now the box is placed 1n a courtyard by means of footings
50 that the solar rays at midday strike perpendicular to the sur-
face of the glass (for the latitude of Tashkentithe best angle of
Inclination to the horizon is 30°). Now our water heater is
ready for use. In one day 60~80 liters of water at 60-70°:Celsius
can be obtalned from each square meter. The efficiency of this
device &g 40-60% and it will serve reliably for the full 9 months
-- spring, summer, and autumn. Its service 1life however is many /24
years.

After industry has mastered this solar water heater, dits cost
will be low. The device will pay for 1tself through fuel economies
in Just two-three seasons.

Depending on the user, solar heaters can be of varlious sizes.
Calculations show that to supply a single individual with hot
water 1t takes only a device with a surface area of 1-1.5 m2.
Simple solar boilers evidently will soon find wide use in house-
holds and also for hot water supply of kindergartens, Pioneer
camps, showerssln stadiums, baths, lauridries, fleld camps [bi-
vouacs], garages, dairy farms, and so on.

Water heaters of large sizes are best installed on roofs,
as for example as been done in the central machine repalr estab-
lishment of the builders of the Charvakskaya Hydroelectric Power
Statlon. Here for already a considerable time a water heating
device 82 m€ in area has been functioning, installed according to
the plans of the Physico-Technical Institute of the Uzbek SSR
Acagdemy of Sciences.

Solar water heaters have found wildeuuse in several foreign
countries. Judging from a report given at the UN Conference on
New Sources of Energy in Rome 1n 1961, even then about 350,0000
solar water heaters were operating in Tokyoe. In the United States,
malnly in the state of Elérlda, no fewer than 150,000 such devices
have been in operation, while in this country a certain economlce
criterion was arrived at: roughly speaking, where a bright Sun
ghines for two-thirds of a year, the Sun must be vigorously
utilized.
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It should be expected that house owners will soon be able
also to appraise solar cookers. Several kinds of designs of
thiscequipment were already developednby scientists in Moscow and
Tashkent. '

A prototype of a solar cooker deslgnediintthe laboratory of
the Power Institute imeni G.M. Krzhizhanovskly consists of three
parts: a mirror-reflector made of electrically polishéd aluminum,
a tripod wilth a rotaky mechanism, and a heat feceiver. A cooking
pot, tea kettle, frying pan, ... can serve as the latter. Even
a flatiron can be heated in the focus of the emitter-collector .
Thus, 1n the desert even one's sult can be ironed in order to
appear in the city as if arriving from a hotel in the capital.
Every 10-12 min, it is true, the collector -mirror must be ro-
tated in order to correct the focus, following the movement of the
Sun. Many years of tests in conditions of deserts, mountalns,
and other uninhabited localitles in the southern parts of the
country showed the high reliability of the solar cookers., It is
equivalent in power teo a hotplate of 8§00 W.

~
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Staff members at the Physico-Technical Institute of the Uzbek
SSR Academy of Sclences have proposed aussolar cooker-umbrella.
This apparatus is easlly folded up, therefore it is convenlently
carried along with shepherds, or geologists, and taken as part of
their gear by sc¢iténtists and prespectors on expeditions. When
there is no need to prepare dinner, the tooker can be easily
converted intc a ... umbrella with a folding sftocl ready to pro-
tect the traveler from the scorchling rays of the Sun or from
showers, and even 1f the tarpaulin is folded up against the haridde
of the reflector -- you get a tent or a night's lodging.

The industrialupreduction of water heaters and solar cockers
is projected for the Ninth Five Year Plan. To built this equip-
ment, the countries first plant of solar.equipment will be erected
in Bukhara. If 1s expected that this enterprise will master the
yearly output of solar water heaters with a total area of
50,000 m€ and 25,000 solar.~cookers.

Next in line for 1ntroduction 1nto use are other innovations
of usolar power engineering on which scientists are laboriafgne,
Thus, in the Bukhara Pedagogy Institute and in the Physico-~Techni-
cal Institute«wf the republic's Academy of Sciences, already an
everyday solar refrigerator has been developed and tested, using
radlant energy.

The adwantages of the solar refripgerator speak for themselves:
1t does without moving mechanisms, it does not need electric
power and it does not require constant care.

And here 1s a solar drier for frult that 1s recommended by

the Physdeco-Technical Institute of the Uzbek SSR Academy of
Sétences for acceptance in dally practice. Its deslign 1s very
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simple: the device consists of a woodeén glassed frame, lined with-

in with a blackened corrugated mebtal sheet half a millimeter in
thitkness. Boards or plywood are nailed to the frame at the £§§
bottom. Alr driven by the fane fthrough the frame is heated by

the bilackened metal sheet, and then on belng heated to 60-80°

this air enters the chamber where the fruit are spread out to be
dried. Taking moisture from them, the air exits to the outside.

Extended experimental studles showed that drylng in the solar
device proceeds several times fasterccompared wilth drying in adr
by the usual methods.

The possibilities of using solar driers can be set down in
a long 1llst -- these economical units are needed for both vege-
tables and grains, and silkworm coccoons and tobacco,

The operation alsco of a device Intended for steaming rein-
forced concrete structural members is based on the "hot box"
principle: this devlce was also proposed for 1ntroduction by
scientists at the Physico-Technlcal Institute of the republic's
Academy of Sciences. The steamling chamber into which a cart
bearing reinforced concrete members is rolled is made hermetic.

The southerniinclined wall of the chamber has double glassing.
Benetrating through the glass, radiant energy heats the chamber and
the reinforced concrete members in it. This reguires only a day.
It was shown that.ddpying is accelerated by more thannl) times.

The Sun ¢an be successfully used -1nnheating water in swimming
poals, for thawling soil in the gold-fields of the North, for
driving various mechanisms, and for performing the most diverse
kinds of work.

Today domestic solar power englineering has entered the period
of a new upsurge in its researchii For thel first time in the
country, during the Ninth Five Year Plan these studles will be
carried out under a well-coordinated plan confirmed by the 3tate
Committee of the USSR Council of Mlinisters on Science and
Technology. - This will permit unifying and concentrating the ef-
fortse of sclentists at many institfutes.

Tashkentihas become one of the country's leadling centers of
solar power englneering research. This i1s understandable, in
fact Ugbekistan is one of the sunniest republics of the country.
While the Sun shines on 1654 hours a year in Moscow, 1t shines
2870 hours -in Tashkent, 2916 hours 1in Samarkand, 3043 hours in - /27
Termez, and so on. __

The rich flux of free energy streaming from the heavens and
the great research efforts carried out afford hope that the city
of the Sun wlll become a reallty In the not dlstant future.



"~ The Sun Waters the Desert

In drying up the desert, it turns out the Sun can also water
1t. The point is that in the interior of deserts there are large
reserves of mineral water unsuitable for drinking. Using solar
energy 1t can be converted into drinking water.

Already for several years a solar fresh-water still has
operated in the center of the Karakumy. - Shepherds of the
Bakharden Turkmen sovkhoz bring their flocks of Karakul sheep
here for watering. Every day more than three cublic meters of
water accumulates beneath the walls of the fresh-water still --
enough to water 500 sheep. Here the water is_made fresh under
a glass surface having an area of about 600 m®. Reinforced con-
crete troughs are covered with this glass. 1In them solar rays
heat the brackish water. It evaporates as in an ordinary hot-
house, and then settles on the inner surface of the glass panes
which are placed at annangle. This makes it possible for the
cooled moisture to tricklé into gutters, and from them -- into a
concrete fresh-water reservoir.

Brackish water 1is supplled beneath the glass panes cof the
Presh-water stills also by means of solar energy. Parabolic-
eylindrical mirror reflectors collect solar rays into a bundle and
direct it at silicon batteries. Light 1s converted into electric
current. The power of the unit is small -- only 450 W. But it
I¥suenocughtto drive a pump which pumps the brackish water from ahe
well.

The installation is fully automated. Shepherds do not have
to either turn it on or off. Everything is done automatically,
in response to the rising and setting of the Sun. The automatic
devicesialsdiskeep track of the Sun!ssmovement across the sky,
suitably rotating the solar ray reflectors. Without humanyparti-
cipation the pump 1s also switched off 1f the concrete vessel 1is £g§
filled, and switched on when it becomes partially emptied. "The
extra" energy goes to trickle charging of the coédldilectors. Their
energy is used in "hunting" for the Sun and in switching the
unit from evening position to morning. Only twice a year does a
speciallst have to inspect the solar pump for preventive mainte-
nance and lubrication. Its operating 1ife 1s measured in the
decades.

The cost of a cublc meter of fresh water obtained in this
way 1s not more than 2 rubles. And in fact, In several desert
areas it costs much more -- téns of rubles per cubic meter. Cal-
culations show that if the fresh water source 1s 30 km away, it
is cheapér to bulld a fresh-water still even with the installation
of expensive silicon batteriles.

Turkmenla's expePrience was used also in Uzbekistan. Acs
cording to plans of sclentists at the Physilco-Technical Institube
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of the republic's Acddemy of Sciences and the Bukhara Pedagogic
Institute, a large fresh-water. stilll was constructed in Kyzylkumy.
It provides fresh water for the central farmstead of the Shafrikan
Karakul-raising Sowkhoz. Before drinking water was delivered

here from 50-60 km away. The local Baymurat-Kuduk well gave only
bitter~-brackish high-sulfur water. It contalned up to 12 g salt
per liter. Today this moisture brought in by belt water 1lift

1s sent to dozens of "boilémsliV—-— reinforced concrete troughs
covered on top with glass. The installation began to provide the
farm everyday with about 4 gtons of cheap drinking water. Operas
tlon offthis fresh-water stlll showed that it runs well even 1n
winter.

In bullding the device at the Shafrikan Sov¥khoz, Uzbek
scientists not only drew on the experience of their neighboring
republic, but even went further. BSpecifically, two devices were
built here. One is made of improved relnforced concrete troughs
of the Turkmen type, while the other is an original, inclined-
stepped trough.

Specialists in agriculture in Bukharskaya Oblast »gave high
marks to the scolar fresh-water still in the Shafrikan Sovkhoz.
Already in the immediate future 1t is projécted to built fresh-
water stills 1n several other livestock famms in the desert. The
need for fresh water in Kyzylkumy 1is great. Livestock raisers
are trylng now to lay out orchards and build gardens on the sands, /29
and fresh water 1s alsoc necessary for this,

Uzbek scientists drew up a plan alsoc for a mebile fresh-water
still for shepherds. In size and even 1n appearance it looks like
ahsmakidlisuitcase. The capatityoof this "solar samovar™ is 10 liters
of fresh water:aa day.

What has come from the ubigulitous use in arid reglicens of
stationary and portable solar fresh-water stills? Calculations
show the following: thls practice will lncrease the territory of
pastureland for graising of karakul sheep in ocur country 30-50%
and wlll provide watering for flocks where previously livestock
ralsers had never gone owlng to the absence of freth water. This
is a contributing coming from solar power engineers and scientists
in carrying out the program of intensive growth of animal husbandry
in our country projected by the Directives of the 24th Congress
of the CP3U.

Fresh-water stills are necessary not only to shepherds, but
also to geologists, builders, and expeditions of sclentists -- to
all who will congquer the desert, and will place itsiriches gt
the service of Soviet man.

The conversion of mineralized water into fresh water 1s only

one stage in the extraction of water in the desert. Here above
all moisture must be raised from the interior to the Earth's
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surface. As we have already stated, in the Bakharden Turkmen
Sovkhoz this 1s done by means of the Sun: 1ts golden rays are
converted into electtic power by a semiconductor battery. Silicon
necessary to make these batteries thus far is very expensive.

This is holding back the mass introduction of the pumps with seml-
conductorsconverters of solar energy. But silicon pumps are not
theconly way of making the Sun pump water.

Another kind of drive has been developed in the Physico-
Technical Institute of the Uzbekistan Academy of Sclences. It
consists of the solar energy .coilector —~already familar to us,
5 m in diameter, and a Stirling engine. The devicesds marked
by simplicity, reliability, and low cost. It can 1lift up to
4-5 m3 of water daily from a well as deep as 20 m. In a day this
pump can water a flock of 2500 sheep.

The problem of building an &ffectlve design of a solar water
1ift 1s so urgent that in 1971 the USSR Ministry of Agriculture,
the USSR Ministry of Land Reclamation and Water Resource Manage-
ment, and the All-Union Council of Scientific-Technlcal Socleties
announced a union-wide contest for 1ts best design. The economic
benefit from introducing solar water 1lifts will be great.

.
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But the Sun is capable of watering man not only on Earth.
Our star will come to the service of men also on other 'planets. i
It has been reported in the foreign press that American scientists
built a device that can obtain water by solar energy on the.Moon,
where water 1s to found in the rocks.

"Canning" ... Rays
& ys .

Quite recently researchers in Antarctica discovered alphz-
zling lake located in a mountain valley in Victoria Lahd, not far
from New Zealarid and American sclentific stations. The lake,
which was given the feminine name Wanda, is covered with-a thick
layer of lce; however, at its very bottom 60 m down, the water
is heated to 26%(Celsius. _ 5

New Zealand sclentists concluded that heat in the: bottom
waters of the lake arrives from above -- from the Sun. The i
researchers measured :the amount of solar energy penetrating through
the ice layers and estimated the value &f the radiation that! can
reach the bottom layer. Heat losses proved to be small, tpough
the Sun heats the waters of the lake for a very short timeﬂ—— only
during the short Antarctlcc summer). %ia

The sclentists explained the effect they found by two-ﬁactors.
The main factor 1s the increased density of the lowest, salt-
saturated layer of water which makes it virtuslly still and%pre-
ventg heat losses due to the convectlon. The second important



factor i1s the exceptional purity of the water in the lake. This
enables sunlight to penetrate qulte deeply.

This discovery .then was an even greater sensation to solar
bower engineers. In fact natural solar energy collectors had-
been discovered! Solar power enghheers have long tried to bulld
these devices in research proving grounds. But the construction /31
of solar collectors from which the energy stored for the future
could be tapped for any time suitable for man proved to be a
highly compllcated matter.

Investigations have been conducted in the Physico~Technilcal
Institute showing that salt pans are highly promising for the
accumulation of solar energy. These are bodies of water filled
wilth layers of salt solutions at different concentrations. The
deeper the layer, the denser the solution. The most dense and
heaviest layer is at the bottom. It is alsoc heated most of all.
The water temperature in it is 90-95° Celsius. The coldests is
the uppermost layer of the solution. Since the density of the
solution layers differ, they do not mix. Heat losses from this
pan are very slight.

A simple and inexpensive method of constructing these pans
was also proposed. They are locatedwmost convenlentdy along the
shore of the sea or lake. Here a pilt is dug, the bottom is covered
with a layer of salt seawater,ithen it is ewvapcrateddté the re-
quired salt concentration. The same is done with the second
layer, and so forth. Using seawater eliminates the problem of
salt, of which a great deal is needed to build these solar accumu-
lators. Tashkent solar power engineers also looked at differente
variants of the collection of heat from the pans. To do this,
assystem of pilpes must be laid along thelr bottom; through thése
pipes cold water or a low-bolling liquidsfér thermal machines can
be passed. The second approach is to directly remove from the
bottom a heated solution, which then is passed through an external
heat exchanger and returned back to the pan. Experiments showed
that owlng to the different density of the solutions their mixing
does not take place as thils is done. However, under this method
of removing heat 1t 1s best 1f the lowest heated layer be separated
with a transparent film. Because of this, the temperature of the
bottom layer will be 5° higher than under the nonfilm variant.
An installation with a film separating the lower layer from the
rest of the water in the pan will reach the workling regime faster
and the heat losses in it will be smaller. Also, the fillm will
make it possible to regulate the flow rate of the coolant in the
circulation loopes and ensure the optimal regime of heat removal g_g
from the pan. From the energy point of view, this variant can
also be assumed to be most successful and advantageous.

Small salt pans owing to the rapid accumulation of solar
energy ensure users with hot water throughout the full day. ‘uw
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Installations with pans 1 m or more in depth make it possible to
conserve solar energy that can be used in heating homes, pro-
viding them with hot water, and for air conditioning. In a
complex with an absorption type refrigerator, solar salt pans can
form ice, and when used 1In conjunction with freén=ejéctor Jet
pumps (using the kinetic energy of freon to mlx the cooled air)
they can be used in air conditioning.

One more possible approach to conserving solar heat habobeen
laid out by co-workers at the Physico-Technical Institute of the
Uzbek SSR Academy of Sciences in one of the sowkhozessofilthec
Golodnaya Steppe, where they worked on harvesting cotton. The
attention of scientist was drawn to heavy-~duty vertical-drainage
pumps. Could not these pumps be placed to the service of solar
power engineering? There are also no :small number of effective
methods of heating water by means of radiant energy. But how can
the heat be conserved?... Calculations showed the following:
porous sandy horizons in whilceh hot water can be lowered via pipes
are excellent heat coillieciohisrmy.

Here it is very important that the pumped water not bé hixed
withdthétgroundwaterdand that the artesian wells not be entralned.
Why not then construct walls against this beneath the Earth! This
would prove to be very costly. But here is the drainage well ...
The hydrological regime it produced proved to be ideal for solar
energy collectors, 1t was only necessary te finish something.

And then

Through four wells drilted at the corners of a traect in the
center of which there was a dralinage well kot water was pumped.
Being lighter, it forms an l1solated lenzs at the surface of the
brackish water! Mixing does not cccur. "Under the conditions of
vertical dralinage there 1s no danger of extraneous artesian
currents appearing that could carry away the heat. A distin-
gulshing feature of this method of storing solar energy is its
cheapness.

~
[}

Systems of vertical drainage exist or are being built in many
rural areas of Central Asia. TEi&s very important that the appli-
cations of wells of fthis system for storing solar energy not 7
interfere with their use also for theilr direct function. Juit
in the sector of a single well, as shown by calculations, enough
heat can be stored as would be given by burning up 10,000 tons of
coal.

Energy from solar collectors during the cold time of the year
is used for heating the hothouses, apartment houses and for
various household purposes. If the so-called heat pumps are used,
the area of application of this energy 1s much broader.

The operating principle alsc of solar hothouses is based on
the accumulation of solar energy. In them radiant energy is
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accumulated in a special
chamber where different
heat-absorbing materials

are placed -- slag-
concrete, conerete,
brick «.«¢ Days,; through

this chamber sun-heated
alr 1s passed. Durilng
this time "charging" of
unique collectors with
heat takes place. But

at night they "discharge."
Heat is transferred to
the current of air circu-
lating in the solar hot-
house. Thus, in 1t
around the clock normal
temperatures are
maintained.

Fig. 4. Mockup of solar hothouse.
A solar collector is beneath its
soil, providing this structure with
heat during cold periods.

Warming hothouses by this method makes 1t possible to save L_E
large amounts of fuel. Only on very cold and overcast days 1s 1t
necessary to resort to heating with gas burners or electricity in
order to maintain the temperature conditions. But the necessity
of using expensive boller arrangements supplying heat to the
hothouse pavilions disappears altogether.

Several solar hothouses have been built in Uzbekistan -- in
Kashkadar'inskaya and Bukharskaya oblast. The first hothouse was
bullt in the Avrora virgin lands sovkhoz. It occupies 2000 me .
Solar energy is accumulated here with crushed rock and sand with
which boxes are filled. The heat-accumulating block is placed
vertically. In practice it was found that thls 1s not at all
convenient. The block takes up much space within the hothouse and
does not make it possible to adequately illuminate the room. A
way out was found by staff members at the Physico-Technlcal In-
stitute of the Uzbekistan Academy of Sciences. They developed
a variant of solar hothouses with horizontally arranged accumu-
lating elements. By this technique, alr 1s circulated with a
forced-draft centrifugal fan.

The use of horizontal solar collectors in hothouse projects
as shown by calculations makes 1t possible to save upwards of
two-thirds of the heat consumed. Outlays 1n electric power used
in providing forced ventilation amount to only one-tenth of the
cost of the heat delivered by the Sun. And one more important
factor 1s that there is no overheating in solar hothouses, while
the solar collectors arranged beneath the hothouse warm the soll
well. This provides favorable conditions for plant growth. Today
Tashkent engineers have developed a standard plan for solar
hothouses.
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Solar collectors are capable also of warming rural cottages.
Imagine three Dutch ovens joined together. Each of them 1s filled
with cobblestones which by day "soak up" heat from the air circu-
lating in the room, and at night give it up.

In the cottage are two unusual thermal walls which divide
the little place into three parts. These walls also divide up a /35
glassed-in veranda which serves as a "trap" for the sunlight.

The second "trap" 1s
a two-layer sloping roof.
On the sunlit side it is
made of two layers of glass
between which another cor-
rugated glass sheet is
inserted. Therefore the
glass is a kind of air
heater. Next the thermal
flow by day is directed to
solar collectors. They
are capable of storing up
the amount of energy that
is needed to warm the house
for two days. In the event
of prolonged spells of bad /36
weather of course standby
heating systems -- gas or
electrical -- must be
switched on. By means of
solar collectors it is
possible to save 60% of
the fuel. In summer
these collectors can be
used for the copposite
purpose -- for cooling.

= - Tashkent solar power
englineers also proposed
plans for a three-story
house with a hothouse in
the attic. Here the

solar energy collector is

a shaft filled with cobble-
stones. It ascends through
all stories of the house
and its center. The attic
room where the hothouse is located serves at the "trap" of solar
rays. From here warm air is sent to the shaft containing the
stones. At night then circulation of air 1is provided through

this collector and through all the rooms of the house.

Fig. 5. Mockup of three-story
solar home with greenhouse in
attle. In the center of the
building is a shaft containing
heat-absorbing material -- the
solar collector.
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Scientlsts are still looking for new ways of storing solar
energy. Various chemicals are belng investlgated that could be
capable after giving off thermal energy again accumulating it wlth
their initlal capacity.

The scales in which socolar power engineering is introduced in

into the national economy will depend on the effective solution of
this problem, to a great extent.

Effect of Discontinuous [Pulsed] Rays

The discovery was unexpected. It came from theéjust-formed
directlion of research -- photoenergetics of plants.. Everything
happened at the beginning of the 1960's in the polar reglons at
the experimental base of the Institute of Plant Phygiodogy of
the USSR Academy of Stikences. At that time, close to the Apabtity
station where now &re situated the buildings of the academlc city
of the Kola Branch of the USSR Academy of Sciences Mo@cow prefes—
sor A.A. Shakov together with his laboratory asslstant? A Stankow
Investigated the effect of concentrated sunligﬂt o pro®esses 1n*
‘plants with the Sun in the sky for the entire Eﬂﬁhour day. The
experimenter used the Bukhman reflector well kn&Wn 8t that fime’
among solar power engineers. The problem was 4o study wayd of...
inereasing the productivity of plants 1n the polar region wheﬁgl_
the Sun is always low over the horizon and its rays are weaker
than in the south. The investigators assumed that they would be
able to achieve certain results by intensifying tlieeprocess of
photosynthesis.

Later, Professor Aleksandr Aleksandrovich Shakov wrote about
how in science the investigation of a problem in one direction
not infrequently leads to its solutlon\in another directlon that
1s sometimes more general and morewimp@rtant than the orlglnal .
area. Thugs there was born the problem of drradiating plants with
pulsed concentrated sunllght

Bath dry as well as*mpi§fened seeds~of barley and wheat were
irradlated, as well as sprouts of these plants in different phases
of development Then experiments were conducted with potato
tubers. The results amazed the 1nvest1gators not only was the
germination of the seeds improved, but the plants themselves were
found to be more lush, better developed and yields rose 15-20%.
From seeds treated with bunched light grain of improved guality
was harvested. The grains were heavier and larger than the con-
trol grains and contained more protein.

The first scientific publication of the discovery of the
jight-<pulsed effect appeared in the literature in 1962. It served
as the basis for the development of a new sclentific direction --
photoenergetics of plants.
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Then also began experiments on the use of pulsed concentrated
sunlight in Kazakhstan. Here the objJect of the investigations
were mainly vegetables. The results of many years of investiga-
tions showed the followlng: the boost in the early yleld of
cucumbers was 20-30%, and 70% for tomatoes. When the yields were
compared for sown crops and for crops under film covering, the
advantage of the latter variant was very large. Thus, the yield
of cucumbers of early-maturing varleties (from plants grown from
irradiated seeds) beneath film exceeded the yileld from sown crops -
by an average of five times. Thecyileld beneath film was 400-

500 quintals per hectare. It should be noted that beneath the
film cover the relative increment in the early-maturing harvest

1s less than in the sown crop. But the high absolute yield of

the early harvest of cucumbers owing to presowing seed irradiation
ensures a great advantage. The cultivation of cucumbers from
irradiated seeds beneath plant covering can provide the area near

Alma-Ata a net income of up to 4000 rubles per hectahe. In the /38
Moscow areanthils figure 1s somewhat less -- 3000:»rubles per .
hectare,

Experiments on pre-sowing irradiation of potato tubers in
Kazakhstan, Belorussian and Moldavia also proved affirmative. 1In
these experiments a one-hour irradiation yielded the same results
as the month-long cultivation in light adop&éeddin the agrotech-
nics of potatoes.

Also proving effectlve was the action of light-piilsed irradi-
ation in the growlng of melons and watermelons. Not only did the
yield rise but the production of seeds of new reproduction rose
5-10%. This 1is particularly vital foriseed-growing of melons and
gourds.

The use of light-pulsed irradiation is promising in beef-
geowing. In the Kuban' four years of field experiments showed
that it is also possibié 1n thils way to raise the sugasr content
of beet roots 0.5%; in the Ukraine three years of growing experi-
ments yilelded an even greater benefit —- 1=1.2% 1lncrease in
sugar content in beets. If it is possible overall by means of
the light-pulses technlque to ralse the sugar content for the
Ukraine only by 1%, then in one year this would mean an additional
income of about 300 million rubles.

In 1964 gscientific efforts to explaln the nature of the action
of the unique solar light spot on the cottonuplant began in
Ugbekistan. It wasifound possible to drawn one valuable conclu-—
sion at least -- pulsed concentrated beams of radiant energy are
capable of boosting the ylelds of this valuable technical crop.

How were the experiments conducted? By means of a mirror

solar ray concentrator operating in the pulsed mode, cotton plant
seeds were irradiated. Thilis regime proved to be necessary not
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only from the standpoint of preventing the scomching of seeds by

© the powerful flux of solar energy, but also from the standpoint

of the absorption of radiant energy by the seeds -- the radiant
energy reached the seeds in specifilc pontdoniwssIn the experi-
ments were the irradlation was carried out by the continous flux
method, no improvementwwas observed. As a result of these experi-
ments it turned out that the cotton yield elimbed 12-15%.

Effofrts in this direction were begun for the first time by
sclentists at the Tashkent Agricultural Institute. At first the
experiments were carried out under laboratory conditions: obser- /39
vations were made of the development of irradiated cotton in the
so-called Vegetative vessels. Then the experiments were trans-
ferred into the fields.

Bukhara became the republic!'s second center of this scientific
direction. Here scilentists from the &ocalppedagogic institute
are carrying out experiments jointly with the oblast agriculfural
test station. During dtperiod of years they have achieved a
marked increment in cotton pyields. Compared with the controel
planted in 1971, the improvement was 14%.

Scientists of the Uzbekistan used irradiation with pulsed
concentrated light also in growing other farm crops. Thus, by
this method the Bukhara researchers were able to boost the yield
of cucumbers, onions, radishes and carrots 10 to 30%.

By 1rradlation with pui8ed concentrated sunlight sclentists
of the Microbiology Department of the Uzbekistan Academy of
Sciences were able to accelerate the growth of the mieroscopic
algae Chlorella 30%. This aquatic plant is belng used, on the
recommendation of Uzbek bilclogists, imillvestoeck fanms of the
republic as a vitamin addition to feed. The green algaeucan boost
the cattle weight gain by an average of 20%.

Investigation haspproved that the "magic ray" can not only
influence the intenslive growth of Chioredla, but also boost itén
carotene content, from which vitamin A is synthesized in the or-
ganism -~ by 2-2.5 times; young animals need vitamin A particularly
acutely. The radiation increases also the protein content in
Chlorella 10%.

What then in the miracle-working power of the unusual solar
rays? Even until quite recently 1t was assumed to be beyond
guestion that the transformation of solar energy into chemical
energy occurs in plants only 1n one way -- by photosynthesis.
However, as shown by investigatlons of Soviet scientists, there is
also another way, when solar energy ls used by nonphotosynthesizing
organs -- seeds, tubers, and even pollen. Often they donnot con-
tain the green plgment known to all -shi¢hlorophyll, andébligatory
component of the photosynthetlic process. :
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Now, irradiation of plants with pulsed sunlight can be repre- /40
sented as a continuous powerful flux -- a "cluster" of photons. o
It is capable of charging additional energy into the irradiated
objects, and in particular, causing photophysical and biochemical
changes in seeds. When molecules in plant cells absorb concen-
trated portions of light, as shown by results of recent investi-
gations, free radicals marked by especially high chemical activity
are formed therein. Durlng seed sprouting time, the energy of
free radicals is transferred to the plant tissues, which causes
their accelerated growth.. Here there are changes in metabolism
in chloroplasts, mitochondria, and other cell particles responsible
for transformation of energy.

As a result of
the action of the
"miracle" ray on seeds
and plants, various
physical processes are
stimulated; energy ex-
change is enhanced; the /41
utilization of solar
energy for synthesls of
organic compounds be-
comes more complete.
Observations showed that
in seeds receiving a
"charge" from sunlight,
germination and sprouting
energy rose. These
seeds yield well
developing and more pro-
ductive plants. Much
research effort is
underway in the new
direction, and it is
expected that this will
lead to important
discoveries.

Fig. 6. Device for irradiating bio-
logical materials with pulsed sunlight,
IKSS-1M -- a joint development of the
Physico-Technical Institute of the
Uzbek SSR Academy of Sclences and the
Institute of Applled Physics of the
Moldavian SSR Academy of Sclences.

One such discovery
was already made by
A.A. Shakov and co-workers. It was found that pulsed concentrated
sunlight has a mutagenic effect -- 1t changes plant heredity.

Today it 1s already clear that breeders and geneticists have
obtained a scientific method capable of becoming a powerful tool
in deriving new varieties of farm crops. Thus, in the course of
experiments at the Tashkent Agricultural Institute, changes were
noted in the structure of cotton bushes, whose seeds had been
irradiated with doses of extra=high concentration.
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This means that solar rays are the key in the hands of
breeders. And this direction has been recognized aswmost impors..
tant by participants of a conference of speclalists held at the
Uzbek SSR Academy of Sciences.

By means of this key, already our country has obtained pro-
mising varieties of wheat, corn, soybean, tomatoes.... They
exhibitihigher yields and numerous improved economic guallties.
Thus, the sugar content was raised in sugar beets; the protein
content -- in wheat in soybeans; the ascorbic acid and sugar con-
tent in tomatoes; the fat content in soybeans; the alkalolds
content in medicial plants; and the carotene and proteln content
in the algae Chlorells.

The first mutagenic varieties of farm crops obtalned by
irrddiating with discontinuous sunlight are now belng tested at
state varlety-testing plots. In Moldavia and the southwestern
oblasts of the Ukraine "light" wheat 1s belng reproduced at an
accelerated pace in production and 1s under testing: 1t is a
mutant of the famed variety Bezostay 1. The newcomer differs
from its predecessor by 1ts excellent winter resistance and drought
resistance and by its strong and thick, nonledging stemwsw The grain
of "light" wheat contains 1.9% more protéin than Bezostay 1. In
terms of yield, the new wheat varlety.exceeds its predecessor
by 5-6 quintals grain per hectare. The "light" wheat strain in
the conditions of Moldavia is virtually unaffected by brown rust.:

By the same method, mutant substrains of high-productivity
corn have been breed at the Kishinev Agricultural Institute. One
of the substrains after crossing gaven an increment of dry grain
amounting to 12.9 quintals per hectare, while the standard harvest
was 43.2 quintals per hectare, on the average. In these experi-
ments pollen and underdeveloped paniticllesyof the corn underwent
pulsed-lightiirrddiatdon. By irradiating the generative parts of
poplars, staff members at the Kazakh Agricultural Institute bbo
boosted the effectiveness of hybridization and cobtained valuable
hetercsic seedlings.

Soviet bioclogists are expanding their study of the effect on
plant heredity of pulsed concentrated sunlight. More and more
new farm crops are belng treated with it. Investigations in this
area will be of no small practical benefit in the future. But
even today one can speak of the necessity of introducing into
practice the first results of this sclentific undertaking. Clear-
ly, it 1is already time in the republics of Central As%a, in
Kazakhstan, in Moldavia, in the southern oblasts of the Russian
Federation and 1in the Ukraine, to organize at farm test stations
units for presowing puilled-light irradiation of seeds of vegetable
crops and to dlstribute them to gegetable farms. This would pro-
vide them with improved varietal seeds. These support stations,
utilizing more and more new scientific data, subsequently willeex-
pand the varieties of irradiated plants.

30

/42



Today for experiments on irradiating blological materials with
pulsed concentrated sunlight, improved equipment has been designed.
Jointly with the Institute of Applied Physics of the Moldavian
SSR Academy of Sciences the Physico~Technical Instltute of the
Uzbek SSR Academy of Sciences built the device IKIS-1M; over aswdde
rarigensit 1s capable of regulating the degree of concentration and
the frequency of light pulses. Its intensity in this eguipment
is 140 W. At blgger device capable of a light intensity of /43
1200 W was designed By Dzhabbir Alavutdinov, asscientific co-w
worker of the Physico-Technical Institute of the Uzbek Acddemy of
Sclences. With a tenfold concentration of sunlight, the device
is capable of irradiating seeds of cotton plants and other plants
at a frequency of 60 pulses per minute. A parabolic-cylindrical
collector with a rotating network cylinder at the focus was de~
veloped for seed lrradiation by M. Kakhkharov. One could have
become familiar with this new equipment at an exhibition of solar
equipment set up at the ALl-Union Palace of the National FEeconomy
of the Uzbek SSR during the First All-Union Seclentific Research
‘Conference on Renewable Energy Sources held in Tashkent late in
1972. By the way, a speclal section of plant photoenergetics was
functioning at this conference: more than 30 papersywere read
at this sectlion.

Today persons in Moscow, Kazakhstan, Moldavia, the polar
areas, in the Ukraine, and in other scientific centers of the
country are studying the biological action of clustered, discon-
tinuousssunlight.

Pulsed lightiirradliation 1s one of the means used by sclence
o fitnfluencing plant heredity. However, compared with radicactive
radiation and chemical mutagens widely accessible te and harmless
“to man, it 1s marked by simpllecity and low cost 1in use, and the
main péint is that it is closest to the actual nature of plants.
A broad field of activity and a temptlng prospect has opened
befiore geneticistsuarid plant breeders. By modifying the spectral
composition and energy of photopulses, thesexperimenters can
achieve very substantlal results in developing highly productive
plant varietles.

Efforts are still underway in one more important direction.
It turns out that 1if one ratlonally utilizes solar radiation, the
limit 7 to the cultivation of the most valuable varietiesoof
cotton ~- fine-~fibered (marked by an increased thermophilicity) --
can be shifted northward 500 km.

‘But how is this possible? The amount of solar radiationdde-
pends on the followlnglffiactors: geographical attitude of the
location, time of year, angle of 1inc¢lination of sunlight to the
horizong.orientation of the fleld, and also the transparency of by
the atmosphere. In Uzbekistan the maXimum amount of solar radia-
tion per square meter of the horizontal surface during the entire
growlng period of cotton occurs at the latitude of 37° (this is in
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the area of Terméz). If this radiation 1s taken as 100%, the amount

of solar radiation fallinguduring the entire growilng perilod of
cotton per sSquare meter of horizontal surface fiorithe:datithde of
40° is 99%, while it is 98% for the latitude 42° (this 1s the

area of Tashkent). Thus, in the more northerly coblasts the amount
of solar radiation is appreciably reduced.

But what is the effect of field orientation? Even with these
small angles of inclination to the horlzon (such as 5-10°), the
difference, as measurements show, becomes Very sizable. Thus,
for fields with a southerly, southeasterly, and southwesterly
exposure the amount of total solar radiation is 5-10% greater than
the amount of radiation falling on a field with a northerly,imorth-
easterly, and northwesterly exposure.

Theréfore different amounts of solar energy can be obtained
even by neighboring fields lying on the same latitude.. The whole
dssue lies in thelr orientation toward the points of the compass.,
In fact we khow that most fleld do not lie horizontally.

Calculations show that the amount of solar radiation arriving
on cotton plantations with an inclination of 5-10° toward the
south for any latitude in the area of Uzbekistan, Tadzhikistan,
and Turkmenia, is not less than on horizontal field tracts at the
latitude of 37°. It follows that wlth a sc southerly eXposure
and an angle of inclination of the surfaceuéfithe horizon within
theilimits 5-10°, fine~fibered cotton can be cultivated in any
cotton-growing republic of the land. But in fields with a south-
easterly and southwesterly exposure, fine-grailned varieties can
be sown only up to the latitude of L0Q°.

On the other hand, it is not any oriented field in southern
oblasts of the country where at the present time fine-fibered
cotton is sown that can give the anticipated results. Here the
amount of solar radiation falling on a field with a northerly,
northeasterly or northwesterly exposure clearlyiils inadequate for
heat-loving varieties. Medlum-flbered cotton varieties must be
sown in these fields. They corresponds most closely to these
plantations in thelr radilatilon regime.

It is by now obvious that for a proper arrangement of sowings
of cotton varieties differing in thermophilicity, radiationmmaps
of plantationswmust be compiled. This will make 1t possible,
depending on the amount of total solar radiation lnéthe growing
perliod, to select fori sowing the corresponding cotton varieties,
and to advance its most valuable varieties into the more northerly
zones of cultivation.

A no less important problem linked to the radiation regimelis
the influence of the form and orientation of field furrows on
the schedules of cotton plantings. Calculations made at the
Physlco~Technical Institute of the Uzbek SSR Academy of Scilences
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showed that when the slope of furrowsiis 30-35° with southerly,
southeasterly, or southwesterly exposure, the radiationbbalance
during the spring perilod rises compared with the horizontal sur-
face by nearly 40%, while in winter by even more than 80%. As a
result, the daytime temperature of theufurrowed soil during the
spring period rises by an average of 7-8° #@n temperature in the
hotizontal fields. This means there is the opportunity of be-
ginning the sowing of cotton more than 10-15 days earlier than
the customary date. Therefore {when the former period of defolia-
tion is retained -~ chemicaloremoval of leaves before machine
harvesting of the raw cotton), by roughly the same number of days
the developmental time of cotton can be increased. As airesult,
immature cotton bolls are able to develop normally by the he-
ginning of defoliatlon and thus markedly increase cotton yields,
In addition, early maturation of cotton plays an extremely vital
role in improving the grade of raw cotton (with the onset of
rainy periods its grade deteriorates sharply).

Hence follows a practical recommendation: 15-20 daysibéfore
the usual beginning of sowing the fields are to be furrowed and
cotton planting is to be carried out not on an even horizontal
field as is being done at present, but on a previously prepared
furrow with a solutherly, solUtheasterly or southwesterly exposure.
Doubtless, the period by which sowing is to be anticipated by this ggg
method 1s not the same for all cotton-growing republics and oblasts.
Therefore, for each zone the optimal planting schedules of cotton
seeds must be studied arid determined experimentally based on the
proposed method of presowing furrowlng.

It appears to us that compliling radiation maps ofifieldsaand
the furrowing method of sowing would yield benefits also in the
cultivation of other farm crops.

Yet another problem in agriculture -- control of pests of
cultivated plants -- canh also be zsolved by means of solar power
engineering. Specldlidsts at the Physico-Technical Institute of
the Uzbeklistan Academy of Sciences Jjointly with &taff members of
the Irnstitute of Plant Protection of thils republic have labored
to build light traps. They are powered with current generated
by a solar energy converter. The solar energy is stored during
the dark period of the day by means of ordinary collectors.

The advantage of solar light traps is that they can be used
even in places distant from power transmission lines. Making
practical use of these light traps, which utilize their dis~
tinguishing feature to wipe out inset¢tupests —-- insects fly towarad
light at night -- is of high natilonal~economic value.

Either iIncreasing the effectiveness of the photosynthetic

process or finding ways of the nonphotosynthetic action on in-
creasing plant ylelds, and many other methods of the best
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utilization of solar energy in agriculture, is to be expected,
will bear fruit.

Both Metallurgical Worker and Welder

"In 4 mincand 40dséée thevexperiment ended -~ in a thick
12-mm steel armored plate there gaped a hole a good half meter
wide. From the lower edge of the scorched hole there hung, Jjust
like icyycounterparts, metal 'lciclesg:;'™ Thus is described the
results of French scientists reported in the West Germany maga-
zine Der Spiegel. The experiment was held in Odeille, in the

south of France, wherecthe world'!'s biggest solar furnace was built. /47

Here on a eight-stepped fterrace solar power Sngineers arranged
63 sliding flat mirrors with an area of 45 m“ each.

By means of photocells the mirrors are constantly oriented
towands the Sun. In fact the entire system directsssoelar rays
at an enormous parabolic mirror located opposite the terrace. Its
height is 45 m and its area 1s nearly that of a fodtball field.

This coléssal convex mirror was also constructed by the
Frenchiscientists using individual mirrors with slight curvature.
The mosailc of nearly 9000 mirrors is mounted so that solar rays
are collected at a focusing point 18 m from the gigantic mirror.
Thus far it has been possible to reach temperature of 3300° at
the focus. However, scientists expect that this 1s far from the
l1imit. The energy concentrated by this colossal mirror 1ls being
used for fusing metals and fabricating ultra-high pure materlals.
THis is being done in a specilal tower. Its two steel doors are
usually closed and are flung open only to prepare materials for
fusion. A special system of water clirculation protects the tower
agalnst overheating.

This unique solar furnace belongs to the National Center of
Scientific Research, which spent 10 years in its designing and
building. The idea of building this enormous fumnnace belongs to
Professor Felix Trombe, who even during the first postwar years
was able to use mirrors of old captured German antiaircraft
searchlights in the fusion of metals. At that time, temperatures
of 3000° were achieved in a solar furnace buiit in Meaux, hear
Paris. With this much heat, the most refractory metals fused in
g few seconds. Carbon sublimation also occurred. A sensation
was ralsed by the synthesis in Meaux of nitric acid from nitrogen
and oxygen contained directly in the air. But the Sun was not
strong long enough in the Paris area, therefore further investi-
gations had to be transferred to the eastern Pyrenees.(this area
is in the same latitude as northern Uzbékistan). Here sclentists
obtained access to the o0ld castle of Mont-Louls, where several
solar furnaces were bullt, including a large one. Thelrovoperating
experience then was used in construction of the pride of the ¥
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French sclentists ~~ the giant solar furnace near Odeille, where
the Sun shines 2750 hours a year, that is, a full thousand hours
more than near Paris. Incidentally, in the Karakalpak city of
Chimbay located at the same latitude as Odellle, the Sun shines
for 2928 hours a year.

During fusions 1in the solar furnace tontambhatidianofiuthe
materials used 1s avoided. This makes it possible to produce a
pure product with desired composition in a different gaseous
medium or in high vacuum. In fact, Usblarifiuston" can be con-
ducted even in a hermetic vessel and beneath an alrtight hood,
the only requirement is that they be transparent to light. A
beam of sunlight in this case heats only the substance to be ¥
fused, while in electric furnaces fusion takes place in crucibles
in direct contatct with electrodes. But during solar fusion,
"sterile fire" acts on a relatively small volume of the material
beling prodessed. Even at a short distance from the focusing spot
the temperatures are somewhat lower and this 1s an important ad-
vantage: Dbecause of this, the molten materials are prevented
from undesirablecchemical reactions with the material in the
reservolirs.

The laboratory at Odeille, as reported by Der Spilegel, uses
solar energy in making extra-high purity materials. For example,
the French scientists removed by means of fusion impurities dis-
turbing the purity of metals and have made high grade quartz.

French atomic sclentists also utilize this glant solar fur-
nace. The high temperature of polntwise and Instantaneous action
serves them in simulation of explosions of atomic bombs. Thus
they test the heat resistance of paints, plastiecs and othermma-
terlals. Also underway at Odellle are tests of materials used
in the missile industry and 1n nuclear power stations; here new
valuable and pure alloys for other areas of sclence and technology
are belng produced. :

High-temperature studles using solar energy are also being
conducted by sclentists of the United States and other countries.
Solar power englneers of Armenia, Turkmenla, the Ukraine and Uz- /U
bekistan are working on designing solar furnaces. Thus, a high-
temperature device with parabaloid ccllector 10 m in diameter is
being build in Yerewan. The thermal power of this furnace will
be 50 kW. It is projected to use this unit to study the aging of
materials exposed to concentrated rays.

Several high-temperature solar furnaces with mirror diam-
eters from 1 to 3 m are operating in the Institute of Electronics
of the Uzbek SSR Academy of Sciences. Here experiments in the
fusion of high-alloy steel, heat-reslistant titanlum, tungsten, and
molybdenum alloys are underway. Solar power englneers of another
Tashkent institute --:the Physico-Technical Institute 2 are
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designing a solar furnace whose power will be more than 100 kW.
It is projected to collect the radiant energy for this facility
with a 15 m diameter reflector. The efficlency of this giant
collector has been tested by Tashkent solar power engineers with
models 1n which the diameter of the mirror bowl 1s 5 m.

It should be noted that with the increase 1n the collector
dimensions, on the power of the solar furnace grows. But the
temperature in it depends not on the diameter of the mirror sur-
face, but on the accuracy of concentration of the rays, on the
quality of the mirrors of which the reflector bowl is assembled.
What then 1s the maximum temperature that can be achieved in
solar furnaces? The temperature of the surface of the Sun is the
theoretical limit, about 6000° Celsius. But in practice owing
to energy losses as the rays travel through the atmosphere and
due to their scattering by mirrors, the solar furnace temperature
usually does not exceed 4000°. However, thishis already quitéo
enough for the Sun to cope wlth metallurglecal problems.

It also turns out that the Sun 1s an excellent welder. Where
metal offéxtra-high purify must be fastened it is quife indis-
pensable.toBvidently work has been found for the solar welding
unit also where it 1Is difficult to bring heavy electrical power
generator, for example, in the desebt, on mountalin peaks, in
outer space ... ‘

~
O

Solar Energy

The: globe is encitrcled by a yellow strip of desert. In or-
der to take in thils zone at a glance, one doesn't have to be a
cosmonaut. All one needs to do is to spin a mindature model of
our planet around with his hand -- a classroom globe. The belt
of desert along the equator has stirred the imaglnation not only
of schoolchildren struck by the extravagence and "mismanagement'
ofmnature already in their first geography lessions. This amazing
belt has also riveted the attention of scientists.

How better to place at the serfVice of man the arid and life-
less 2ands? This though has long made restless more than one
generation of investigators of numerous specialties. Plans for
the purposeful conquest of deserts have been proposed also by
solar power engineers. According to one of them, it is projected
to build a unified gidobal network of helicelectric power stations
girdling the globe and feeding energy all the way to the poles
continuously throughout the day. Calculations and some justifi-
cation of the possibility of bullding this world-wide network of
helloelectric power stations have been carried out by Ashkhabad
solar engineer N.V. Linltskiy. They were published in the All-
Uaion journal Geliotekhnika, originating in Tashkent.
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Deserts occupy about 20 million square kilometers of the globe.
Half of all of this area, as the project's author calculates, can
be occupled for the location of solar electric power stations.
N.V, Linitskiy regards as the most realistic at the present time
schemes based on different verslons of plans of solar thermal
statlons developed in the USSR. Theit operating principles is
based on collecting solar rays reflected from large flat mirrors
into awnsingle foecus at whichra steam boller has been placed. Next
follows the traditional approach of converting thermal energy into
electrical.

The calculations of the prcject's author showed that even at
today's level of technology, over the territory of unused deserts
an entire necklace of solar:stations with a total mean power of
about 130 million kW can be built! This sould prove enough to
meet mankind's energy needs not only for today, but also Into the /51
next century, given the growing demand level.

The global network of solar power statlons is of course a
highly alluring, although schematic plan. And before ccmmencing
to act on it, no small amount of research 1s required. In par-
ticular, 1t remains toovbe found what consequences for the climate
of our planet will come from tapping this enormous fraction of
8olar radiation. One must also study the inverse Influence of
this factor on the operating conditions of the solar -power station.

As part of the construction of the global belt of solar power
stations, one more interesting problem crops up. The colossal
"tapping" of solar energy possibly will even cause cooling of the
atmosphere, since when solar energy is converted into electrical
there will be much less of 1t scattered 1n the form of heat.

Scientists even rejJoice 1n the possible cooling; in fact
today the planet is threatened with rnore of a heat increase which
according to already-known forecasts 1In the future wlll inten-
sify much faster, especially owing to the bullding of powerful
electric power statlons based on thermonuclear energy. According
to physiclsts' calculaticons, the limit to the growth of their
capacities will in fact become the falrly high heating of the
Earth's atmosphere. Therefore it can be assumed that a combina-
tion of solar and thermonuclear power statlons will prove very
advantageous for the power budget of the Earth in the next century.

There remain no small number of problems to be solved also
in improving the design of the solar power station as such. The
plan of a solartelectric power station in the 1950's by co-workers
at thei’Power Institute imeni G.M., Krzhizhanovskiy for the Ararat
dam 1n Armenia received the greatest renown. Drawings of the
general view of this statlon covered pages of the entire world's
popular-sclentific press. In placeaof the customary high smoke-
stacks typdcal of industrial landscapes with thermoelectric
power stations or dams of hydroelectric stations, here you see
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First of all a gigantic bowl glistening with 1293 mirrors. Each
is placed on a special cart. Altogether they comprise 23 autos
matic tralns traveling along concentric rail lines. The cars move /52
Slowly -~ at the speed of the visible azimuthal sweep of the Sun
acrogs the firmament -- and direct the rays of our star toward

the center of a spherical surface where at the top of a 35 m tower
stands a boiler. According to the intention of the project's
authors, it 18 a chamber filled with black metal piping. Water
circulating in them, on being heated, is converted to steam warmed
to 400° Celsius. It drives a turblne that rotates an electric
generator. The rating of this electric power station is 1200 kW
the annual output of electric power is 2.2 miliion kWh. Also,

the steam produced is suggested to be used to drive an absorption
type refrigerator capable of producing 20 tons of 1ce an hour.

The authors of the major solar electric power stations,
R.R. Aparasi, V.A. Baum, B.A. Garf and D.M. Shchegolev, reported
on 1t in May 1954 in Tashkent at the Fifth All-~-Union Conference on
Solar Power Engineering held there. And one more paper drew
specialists' attention. It was presented by one-~of the authors
of this book, G.Ya.Umarov, advancing his version of the large solar
power station. Conference participants were able to become ac-
quainted also with an operating model of the station, which was
demonstrated in Tashkent's Park imeni Tel'man.

In the Tashkentpprgject it was suggested to avoid expensive
operations in laying out concentric raill lines (they had to form
clreles ensuring an espeéiallycexact alignment of the entire
optical system of the mirrors) and the constructlon of automatic
trains with carts. The absence of the latter at once then cut
back on the large outlays for driving the complicated, not very
reliable mechanical system and also in overcoming the frictional
forces. The mirrors according to the Tashkent plan had %o be in-
stalleduaat flxed polnts and synchronously rotated like sunflowers,
following the Sun moving across the firmament.

The solar power engineer already familiar to us, N.V. Linit-
skiy, as early as 1946 advanced the idea of using stationary
mirrors orienting solar rays toward a single point. According to
his scheme the reflected rays had to be focused at one solar /53
kettle mounted on a high tower. However, the use of stationary
and fixed mirrors had a substantial drawback: owing to the motion
of the Sun across the sky the use coefficient of the reflectors
became relatively small, only of the order of (0.6-0.65.

For several reasons, a large solar power station designed by
Moscow solar power engineers was also not bullt in their time.
Theoretical and experimental work in its improvement is now oo
continuing.

Abroad another direction another' direction in heavy-use
solar power engineering is growing. Forelgn specialists
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calculate that solar facilities operating in outer space will
have the most economically advantageous indicators. Their ray-
recelving surfaces, as shown by foreign experts, can continuoiisly
or nearly continuously be lrradiated by the Sun, while the
transformation of light energy into electrical by means of semi-
conductor batterles can be carried out there at a maximum
efficlency.

The proposed project which was discussed in detaill in the
Tashkent journal Geliotekhnika provides for installing solar
power statlions on artificlal Earth satellites whosecorbit will
lie 1n the equatorial plane. These satellite-stations will tnavel
at an altitudeoudf 36,000 km; thils will ensure their constant
presenceczover a speciflc p01ntuof the Earth. The electric current
generated on the satellites is proposed to be transformedidnto
electromagnetic radiation with the 10 cm wavelength. With ap-
propriate antennas it will be directed toward recelverswvoniiEarth,
where 1t will be converted in speclal units into direct electric
current. Selection of the wavelength of 10 cm was due to the
fact that this wavelength is virtually unabsorbed by the Earth's
atmosphere, therefore the energy transfer from the satellite to
the planet's surfaceewill be carried out with slight losses.

What then is the size and welght of these future electric
power station-satellites? According tc the caleulations of the
project's authors, a station with a capacity of 10 million kW and
an efficiency of 10% will have a solar battery more than 5 km in /55U
dlameter and welghing 150 tons. T

Speclalists workinguon plans for solar electric power station-
satellites stress that building these stations will avoid the
further contamination of alr, water, and soll, will permit the
use of the remalning reserves of fossil fuel exclusively for the
needs of the chemical industry, and will aveld the necessity of
bulilding large nuclear power stations.

Under Solar Sail

"Jean and Phyllis enjoyed strolling into space far from all
inhabited worlds... For théiivown pleasure, they furrowed the
expanses of the universe beneath sails.

"Their space yacht was something llke ausphere, whose outer
shell -- an uncommoniy thin and light =ail -~ ballooned out and
traveled 1n space by trapping the pressure of 1ight rays. Jean
thought up a truly amazing method of locomotion in space. Nu-
merous bilack little blinds were arranged on the spherical sail
of thls 1little ship; the blinds were rotating or reversed at the
will of the helmsman; by this maneuver the reflectivity of cer-
tain sections of the sail was changed ..."
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This excerpt is from the fantasy novel of the famed French
novel Pierre Boule, Elanet of the Apes. However, flights into
outer space beneath solar sails today no longer are a monopoly of
sclence fiction writers. Engineers and scientists inspired by
the idea of voyaging from planet to planet without expending fuel
have invaded the land of fantasy with their sober mathematical
calculations. And here is one of their conclusionst? "Comparison
of solar salls with other propulsors of continuous action showed
that in the light of the present stateudfithe art the most serlous

attention must be given solar salls." This view was expressed by
the American specilalists J.H. Hawk, F, Macmillan, and A. Tangey,
which we clted from the book Izpol'zovaniye solnechnoy éenergli /55

prl kosmicheskikh issledovaniyakh [Solar Enepgy in Space Reseafich],
published by the Moscow publishing house MMir.,"

Plans of space sailing boats are based on using the pressure
of light discovered by the remarkable Russian physicist, Pyotr
Nikolayevich Lebedev. By means of extremely subtidé experiments,
in 1899 he was abde to prove the existence of light pressure on
bodles. Light pressure beyond the Earth's atmosphere is the
second factor, after universal gravity, that acts on a vessel.

FYor solar lightnpressure to begin to drive a craft, first of
all a light sail is needed. It must be a thin plastic film coated
with a layer of reflecting materiazl. Modern chemical scilence
makes it possible to build a sufficiently thin and light fiim flor
space salling ships. ##ccording to the plans of one American
specialist, a square meter of this material would weight 0.976 g,
while the entire sail would weigh only 30-50 kg. Scientists
have calculated that at some point the velocity of such a space
salling ship injected 1nto Earth orbit would enable 1t to go
beyond the sphere of attraction of cur planet and set out on a
voyage to distant worlds with "passing light." The shape of the
tragettory of this flight was also found: the ship would move
away from the Sun along a logarithmic spiral.

Thus, mankind 1s awalting the age of the salling fleet in
outer space! This is in the future. But today? Today, The Sun
1s also an indispensable helper of man in mastering outer space,.
It i1s the most 1mportant source of energy powering spacecraft and
artificial satellites. Solar photoconvertors made up of s&licon
semlconductor plates have been installed on these craft to generate
electrical power. This kind of device appeared for theifirst time
on the third Soviet artificial Earth satellite. Today panelswvofl
solar batteries havewbecome commonplace. We often see them on
tekevision screens during direct transmissions from outer space.
And how can one forget that the Sun's energy powered the first
extraterrestrial land vehlcle -- Lunokhod-1, For the full 10 plus
months, the world scéientific community closely followed 1ts
Journey over the surface of the Moon. Then Lunokhod-2 was set on /56
its way...
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"Returning to the above-cited bogk, one would wish to cite one
more excerpt: "A solar generator will somewhat surpass the
chemical battery in those cases when power must be used for a
prolonged time..."

Numerous projects foruwusing solar energy also for earthly
purposes are linked to outer space. The Itallan journal L'europo
recounted onessuch preject: "The dream of man to ameliorate the
climate of the cold reglons of the planet by prolonging the hours
of sunlight, to bring abundant precipitation to deserts, and to
heat water in chilly seas evidently is fated to be realized
faiPly soon: the necessary extra sunlight can be directed into
the needy territory by giant mirror reflectors launched into
Earth orbit.

"In the view of experts this quite feasible project was de-
veloped by professor Aurello Robotti, of the Turin Polytechnilc
Institute. Enopmous reflectors -- their working surfiace must be
In the hundreds of square meters -- have to be brought into the
glven orbit in dismantled form and assembled in place (one«can say
that Soviet and Bmerican cosmonauts working in outer space have
alreddyitaken the first steps in this direction).

"On completion of the installation, special land control
stations 1like those that today direct automatic space stations,
can orient the mirrors of the reflectors in the necessary direc-
tion. Thus, depending on users, the amount of additional sunlight
can be dispensed, the duration of the "session" can be regulated,
and so on. For the reflector to be constantly over the same place
on the globe, calculations show that it must be launched to an
altitude of 36,000 km,

"One reflector with a working surface of 3 km?, in this orbilt,
is capable of illuminating on Earth on area of 87,000 km2 one
hundred times more strongly than it is illuminated by the Sun.
Extending the days of sunlight opens up inexhaustible opportuni- /57
ties for manking.

"Specialists estimate that carrying out Professor Robotti's
project involves not 8o much technical as economic difficulties.
But however great the outlays, if Jointly several countries take
on the undertaking, the costs will be met in something like 20
years." '

Yes, actually, tocday building an enormous reflecting surface
does not appear to be an insurmountable technleal problem. As
for the actual ideassf building an "artificial Sun," it is not a
new one, Proposals to deploy in Earth orbit a gigantie film
reflector have been expressed by numerous sciéntilsts, and today
i1t is by no means simple to establish priority in this direction
and the contributlion of each author in elaborating this interesting
idea.
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One also should notéethat no appreciable influence on the
power engineering of the planet or any tangible Influence on
climate or weather should be expected from the realization of the
project "artificlal Sun." On the other hand, it is doubtless
true that the space mirror will prove a useful source of illumi-
nation. With it the polar night can be illuminated, for example,
Noril'sk or any other large subpolar city.

The 1llumination produced by the "artificial Sun" will be
100 times brighter than moonlight at full Moon. Theréfiore, space
mirrors evldently can find use also in 1lluminating at night
regions of the globe with speclally dense population and ex-
ceptiocnally developed transportation —- autcomotive, alr, and
water.

The search for effective means of utilizing solar energy is
contlnuing.ihThe famed Soviet chemist and Nobel prize laureate
Academician N.N. Semenov advanced the project of utilizing the
Moon for the purposes of terrestrial power engineering. He cal-
culates that if it would be possible to cover the entire surface
of the Moon with semiconductor photocells with fairly high
efficiency of converting radiant energy into electrical and to
find a method of transmitting this energy (using, for example,
directed radio beams) to Earth, the Moon could in the future be-
come a tremendous power station for Earth.

™~
<o

Progress 1in spaceusolar power englneering is capable of
playing no small role and of indirectly affecting Earth affairs.
Here 1s what was written in this respect in the book already
mentioned: "The bold plans of exploiting solar space power sys-
tems and extended research aimed at improving the technology of
solar power engineering can help improve the economic character-
istics of thesuse of solar energy in Earth conditions and bring
the day closer when solar ground power systems will become
econemically profitable."

Horizonsrof the Future

Solar energy will be widely utilized by man in the twenty-
first century. Many leading scientists maintain this. But what
then do they represent as happending tomorrow?

The outstanding French atomic scientist Frederic Joliot-Curie
proposed following an approach urged by nature, whichiutilizes
the Sun's energy in plants by means of the green gralns of chloro-
phyll. Joliot=Curien~put it this way: "Even though I believe in
the future of atomic energy and am convinced of this lmportance
of this invehtdon, however I maintain that the true turning-point
in power engineering will occur only when we are able to achieve
the massive syntheéesls of molecules analogous to chlorophyll or
emen of higher quality."
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The remarkable Soviet physicist, Academiclan A.F. Ioffe
pinned great hopes on the direct transformation of solar energy
into electrical by means of semiconductors. He calculated that
only cone~-third of. the territory of the Karakumy desert could yleld
electric power twenty times more than all modern power stations.
Bearing in mind the prospectsnof the use of solar energy in the
deserts, the sclentlst wrote: "The Sun during millenia having
formerly the scourge of the deserts will become its blessing."

The followlng words come from another famous Soviet seclentist,
Academician B. Konstantinov: "I hope that mankind will solve in
the not distant future the question of the broad transformation of /59
solar energy into electrical. One would think that together with
this the problems of climate and weather contrcl would be solved."

We have already written about projects to compeli the Sun
to work in space for the good of the people of the Earth. There
is the idea of submitting the possibility of turning the Sun
"from its cosmic sweep" also toward our planet. We have recounted
plans on using the solar "energy of evaporation.” Each year our
daytime star consumesiit in an amount estimated at 40 billion tons
of standard fuel! Only aenégligibly small fractlon of this
codossal energy i1s utilized by man by means of hydraulic statlons.
But alongside these enormous resources engineers cannot blithely
pass by. Tremendous projects to master them have appeared. Thus,
1t is calculated that 1f the Straits of Gibraltar are covered with
a dam, the level of water in the Mediterranean in 10 years would
drop 11 m, which would make 1t possible to bulld at the overfall
of the levels a hydroelectric power station with a capacity of
several mlllion kilowatts. Projetts have also been proposed for
building canals in the deep depressions not far from the seas and
oceans. Powerfitl hyraulie turbinesccanadliso be installed In these
canals, through which water would flow by gravity.

A report appeared 1In the press stating that American scientlst
William Asher is developing a technelogy of using solar energy
in order to obtain in the future fuel for electric power stations
and industkial enterprises.

Fheesélentlist proposes that with gigantic artificial isiand-
modules 1 x lekm in size fddating in the equatorial regions of the
ocean solar energy 1s to beucollected and utilized for decomposing
gseawatérvinto hydrogen and oxygen. Thehtthe chemical elements
would be cooled to superlow temperatures and in the liquéfied
state transported by special tankers to thermal power stations on
land. At the stations, in the reaction of combining the gases
would give off great afounts of heat that would be expended in
producing electric power, j

The only project of combustion in these reactions is ordinary
water and, therefore, the new technology will do much to solve the
problem also of conitrolling environmental pollution, although this /60

———

43



fuel will evidently be more expensive than the traditional petro-i
leum, coalgzand natural gas.

According to Asher's report, most of the components necessary
for generating energy under this scheme have already been verified
in various experiments and have proven themselves quite feasible
in practice.

Yes, the use of solar energy opens up the possibility of
transforming enormous territories and promises to glvemman the Ik
keys to controlling weather and climate. Important consequences
of iIntroducing the achievements of solar power engineerings should
also be expected in improving the technology of production ihbmany
industries. Specialists calculate that by the end of this cen-
tury and in the twenty-first century solar metallurgy will reach
major scales of production, capable of producing metals of extra-
high purity. And in fact tomorrow these materials will bhe par-
ticularly needed by technology.

Electrification owes its grand sweep to the possibility of
Transmitting electric power over large distances. And perhaps
solar energy can also be thus transmitted,"¥s&ilentists have
pondered. The answer was found: a light cable made of extremely
fine glass fibers can become "conductors" of radiant energy.

The diameter of each of them covered with a mirror casing 1s
several hundredthsuof a millimeter. A beam of 1ight entering such
a fiber wlll bounce between its walls and, undergolng billions

of reflections, will exit from its other end. When wound together,
the fiber-fllaments form a thick, but elastic cord -- a light
cable. It was even found possible to unite it in a splice!

For already several years engineers are using the "light conduc-
tors" in transmitting images.

A 1ittle fantasy =- and now before us ... a giant parablic
mirror bowl on the roof of a factory, a tracking device that is
continually rotating the collector aimed at the Sun. From the
focus of the reflector, from where the solar "light spot" dazzles
by its brightness one takes the beginning of the light cable.
Into its end, as 1nto an open plpe, a stream of concentrated light
is directed. Further, moving through the light cable within the
factoryuvbuilding, it zooms along individual light coriductors to
the work stations. Just as current along branching electric 61
lines! The light guides arrive at egidpment with which wéilding, T
melting, and soldering of metal 1s carriedoout. Solar melting or
soldering is especially valuable for the radioc electronices indus-
try, requiring ideal purity. By directing the beams through the
transparent wall of a vessel, one can solder or weld parts in a
vacuum, for example, within a radio tube. Part of the "light
conductors" ends up beneath the actual ceiling and by means of
speclal reflectors the room is flooded wilth golden light.
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In order to economically utilize the Sunt's energy in our
blanet, no small amount of work has to be done by both biclogistsy,
plant breeders, and agronomists, and even by representatives of
many otherirfields of agricultural sclence. Let us recall that
plants utilize only about 1% of the light energy absorbed by the
green leaf in photosynthesis. This is a very small.amount.
Nonetheless, through this process more than 100 billion tons of
organic compounds are formed on the planet. From them only about
0.2-0.4% is used for human food. It would appear to be a trifle.
But in this "trifle" plants have stored so much light energy that,
to obtaln an equivalent amount of produce through chemical syn-
thesis, mankind would have to direct all the energy that they now
expend 1n all fields of human activity.

That is why sclentlsts of many countrles are concentrating
their efforts to delve intc the secrets of photosynthesis. In
this way they hope to increase the efficiency of solar rays in
this natural process. Using advanced agrotechniques 1t 1s not
difficult to raise it 2%. Theoretically, there is a possibility
of using 20-25% of solar energy obtalned by the greenidedf. This
is an enormous foodstuffs reserve for rapidly multiplying mankind.

And it 1s not accidental that at the frontier between bilology
and technology was born the idea of trapping solar energy with
algae. The American journal Mechafical Engineering wrote about
this project. 1In one of its articles it was stated that at the
present time some researchers regard the "capture" of solar energy
by fast-growing algae as one of the promising methods of solar
energy utilization. Algae growing 1n abody of water are "mowed"
and stored in an autoclave for fermentation. The methane formed
in the autoclave is burned, and the heat released during combus-
tion is utilized in the usual way to generate electrical current.

Sclentlsts of Uzbeklstan proposed building plants to grow
algae, in particular, Chlorella. This mlcroscopic plant has a
high efficiency of radiant energy use and can become an important
source for protein and other valuable nutrients. To boost the
efficiency of photosynthesis, it is proposed to utilize at these
plants 1rradiation of algae with pulsed concentrated sunlight.

A prototype of this device -- a miniature plant -- has PYeen pro-
posed by Uzbek sclentists.

We are accustomed to speak of the "age of metal," "age of
plastics," "age of cyberneticsy"... But has the solar age begun?
If so, then when? Thils will depend on the uniting of efforts by
sclentists in numerous specialties. No less vital to progress in
solar power englneering is the consoclidation of cooperation be-
tween states, and the direction of common efforts to achieving
major projects in mastering the energy of the Sun.
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The solar age will soon begin for mankind! And:our star that
for billions of years has lavishly bestowed nadi:gnt energy on
Earth will faithfully serve its peoples.
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